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CHAPTER i

INTRODUCTION

The process of reading is one of the most complex cerebral

functions of which human beings are capable. The cognitive

apparatus required to carry out the steps involved in reading the

written word appears to be correspondingly complex and intricate.

Given the degree of influence of cognitive processes upon reading

and the fundamental importance of these processes for cognitive

theory in general, it is highly appropriate that reading has

become a prominent area of concern for cognitive psychology.

This thesis will focus on a particular type of reading that

is commonly referred to as skimming. In the initial part of this

chapter I will provide a justification for studying skimming

through a discussion of objectives underlying the research to be

described in later chapters. Next, the relationship between

skimming and speed reading will be considered in some detail in

the context of previous research on skimming, speed reading, and

reading improvement. The chapter will conclude with a discussion

of the rationale for the experimental work reported in Chapters

l!-V. The final chapter will summarize these empirical results

and will present a discussion of implications for skimming and

speed reading as well as a plan for future research on skimming.

d I
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Objectives in Studying Skimming

Reading has long been a primary area of concern among

researchers in education. Only in the comparatively recent past

have cognitive psychologists returned to a serious consideration

of reading processes. A long hiatus followed Huey's insightful

treatise wvitten in 1908. Current psychological research and

models pertaining to reading have focused on various aspects of

the process, from word recognition and decoding to comprehension

of texts. A wide variety of methodological techniques have been

employed in these efforts, some more closely related to natural

reading processes than others (e.g., tachistoscopic word

recognition).

One of the fundamental conclusions that can be drawn from

much of cognitive research on reading is that the process of

reading should not be described as a simple "bottom up" flow of

information from the visual system to more complex areas of the

brain suggested in models proposed by Gough (1972) and Laberge

and Samuels (1974). A more realistic account of reading, and

natural language processing in general, should include

consideration of "top down" or conceptually driven processes

(e.g., Bobrow & Norman, 1975).

The construct of conceptually driven processing is

consistent with theories that claim that reading is a predictive,

hypothesis testing type of process (Gibson & Levin, 1975;

Goodman, 1967; Hochberg, 1970; Hochberg & Brooks, 1976; F. Smith,

1971). Some examples of research that support ideas about the

_--- o
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predictive nature of the reading process include Marcel's (1974)

finding that increasing contextual constraint on sentences by

using G. A. Miller and Selfridge's (1950) method of successive

approximations to English has the result of enlarging the

effective visual field during reading. The apparent cause of the

effect is reduced sampling of visual information for word

recognition due to increased contextual constraint. This

reduction in sampling, in turn, allows more capacity for vi.,ual

processing of information in the periphery. Steinheiser and

Guthric '1974) found that scanning prose or word strings for a

particular word tikes less time than scanning for a single

letter. Scanning for a single phoneme required the longest search

time. The unit of analysis therefore appears to be at least as

large as a whole word and specific graphemic or phonemic

information must be extracted after encoding of the whole word

has at least begun. Drewnowski and Healy (1977) have provided

evidence that subjects may even read in units larger than single

words. Subjects were assigned the task of detecting the words

"the" and "and" in isolation and when embedded in larger words

(e.g., another). Failures to detect the target words were more

common when the targets occurred in isolation as individual

words, indicating that they had been processed as part of a

larger unit with little attention paid to the target words

themselves. The highly predictable nature of the occurrence of

"the" and "and" as function words leads readers to take less

notice of their occurrence.

-=- ----- ~_ _ _ _ _ __
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Of course people do not confine themselves to predicting

what is written before them on a page without consulting their

visual perceptions of the actual markings. There must be some way

in which a reader's predictions and hypotheses about what is

being read can be confirmed and elaborated, rejected, or revised.

A theoretical solution to the problem of how- predictive reading

can be constrained and made accurate that is gaining wider

acceptance is the construct of interactive processes (Adams &

Collins, 1977; Bobrow & Norman, 1975; J. Frederiksen, 1978;

Goldstein & Papert, 1977; Masson & Sala, 1978; Rumelhart, 1977a).

Within the framework of interactive processes, the task of

reading is conceptualized as a set of subskills that interact

with one another. The "bottom up" or data driven skills and

processes, which are responsible for deciphering and bringing

into the information processing system the actual symbols being

read, do not operate independently of the predictions and

hypotheses generated by conceptually driven processes. Rather,

conceptually and data driven processes interact with and

influence one another. For example, conceptually driven

predictions about what to expect next while reading can be

verified or rejected by the products of a data driven analysis of

what is actually printed. If a prediction is verified reading can

proceed rapidly and further predictions may be more precise; if

not, new predictions can be generated, hopefully within the

constraints defined by the new information provided by data

driven processes. Similarly, data driven processes can be



influenced by conceptually driven processes, as when a reader is

searching for or expecting a certain kind of information. This

type of influence can allow speeded perception of what is written

with a high degree of accuracy, and it can also lead one to

misread what is actually written, making one's perception of the

written words consonant with expectations even though the true

message may contain contradictory information.

Rumelhart (19:7a) has reviewed a number of empirical studies

that support the notion that knowledge of the world and the

language act to influence perceptions in a conceptually driven

manner. beyond the studies discussed by Rumelhart there exist

classes of other supportive findings. From a developmental

perspective, Biemiller (1970-71) studied oral reading errors of

children of various ages. Biemiller detected three developmental

stages, the first of which was characterized by contextually

constrained reading errors. That is, reading errors were most

commonly of the sort that conformed to semantic constraints of

the surrounding passage. The second stage was defined primarily

by graphically constrained reading errors, and the final stage

was characterized by errors constrained by graphics and context

(both semantic and syntactic). Thus, in the final stage of

reading, constraints on predictive reading are both conceptually

and data driven. A developmental study by Mason (1977) found that

word decoding was dependent on letter properties as well as

familiarity of whole words and that the decoding process is best

viewed as holistic and analytic.
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Dependence of deccding on individual letter properties and

on familiarity of whole word patterns supports the influential

role of data and conceptually driven processes in decoding. Flood

(1978) constructed passages that contained information that

conformed or did not conform to expectations based on the first

sentences of the passages. After reading each passage, high and

low level eighth grade readers answered questions about the

passage. At least amoiig the poor readers, question answering was

least accurate when the passage violated expectations based on

the first sentence. Using samples of good and poor readers as

well, Steiner, Wiener, and Cromer (1971) found that good readers

could extract and use syntactic and semantic cues in reading

while poor readers were unable to extract such cues or even make

use of them if they were explicitly provided by the experimenter.

Success in reading appears to depend on the ability to make use

of various contextual constraints while reading. It is not

sufficient to plod through a complete letter by letter decoding

process. In fact, Samuels, Bogy, and Chen (1975-76) found that

fluent readers had faster word recognition performance and were

better at generatipg a target word given context and minimal cues

about constituent target letters than slower readers.

Furthermore, Samuels, Dahl, and Archwamety (1974) demonstrated

that training retarded and normal children on hypothesis testing

word recognition subskills led to improved tachistoscopic word

recognition and cloze comprehension performance in both groups.

These results imply that as the reading process develops, the

I
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role of conceptually driven constraints on data driven processes

becomes increasingly important, and consideration of the

interaction of these processes is critical.

Evidence for the important role played by conceptually

driven processes in reading is also available from cognitive

research. Knowledge of syntactic structure of sentences decreases

both the amount of time and cognitive resources required to read

the sentences (Wisher, 1976). Semantic constraints also serve to

decrease the amount of cognitive effort required in reading.

Cutler and Fodor (1979) used a phoneme detection task to examine

efficiency of reading words related or unrelated to the goal in

reading a passage. If the target phoneme occurred in a word

relevant to the reader's purpose, detection time was lower than

when the phoneme occurred in a word not related to the puriose.

Sentence comrehension, then, can be facilitated by tie rapid

identification of relevant information. Masson and Sala (1978)

found that knowledge about semantic and surface aspects of

sentences that subjects have previously read can positively

influence the reading time and recognition of those sentences

when presented a second time.

The role of conceptually driven processes is also an

important one from a perceptual point of view. Research on eye

movements during reading has provided ample evidence to conclude

that eye movements are strongly influenced by cognitive processes

occurring during fixations (Rayner, 1978). This conclusion

implies an active, conceptually driven processing mechanism that
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searches out particular information from relatively specific

locations. Fixations during reading that involve processing of

both position and text information take longer than fixations
involving processing of position information alone (A"rams &

Zuber, 1972-73). The latter type of fixations primarily occur

just prior to return sweeps of the eyes after the end of a line

has been reached and just before experimentally imposed elongated

spaces between words. During a fixation certain types of

information are available for processing and can influence the

reader's expectations. McConkie and Rayner (1975; Rayner, 1975)

have shown that subjects acquire enough information within ten

character spaces to the right of the fixation location to

sema-tically interpret a word. Further into the periphery, up to

about 15 characters to the right of the fixation point, the

subject can perceive only general characteristics of word shape.

But even this vague information is used to guide eye movement

patterns such as saccade length. In fact, oral reading accuracy

depends heavily upon presence of information in the periphery

(Poulton, 1962). P. Carpenter and Just (1977a, 1977b) and

Shebilske, Reid, and Wright (10?) have demonstrated that

fixations are longer in duration at those points when subjects

are integrating fixated information into higher level memory

structures. in their recent development of a model of eye

movements during reading Just and Carpenter (1979) found

empirical support for longer fixation durations corresponding to

the occurrence of more complex stages of the reading process.
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Subjects pause to complete at least preliminary comprehension of

one part of a text before going on to obtain further information.

The data on eye movements during reading are consistent with

the theoretical concept of interaction between perceptually

oriented data driven processes and conceptually driven cognitive

processes. This is mutual influence and responsiveness on the

part of both types of process. Developmental and cognitive data

on reading are also consonant with interactive processing

theories. The apparent importance of interaction between

processes precludes the feasibility of research completely

devoted to the study of processes in isolation. A more fruitful

approach would include study of the whole reading process active

in different situations. Study of a particular subprocess or

subskill could be accomplished by selecting reading tasks that

maintain the basic nature of the reading process and that

emphasize the specific subprocess of concern. A major objective

of this thesis is to investigate the role of conceptually driven

processes in reading and their influence on and responsiveness to

data driven processes. Consequently, it is essential to develop a

reading task that emphasizes the role of conceptually driven

processes. Masson and Sala (1978) have used transformed

typography of sentences as a method of increasing the importance

of conceptually driven processes with some success. This type of

methodology may be adequate for determining basic influences of

conceptually driven processes, but a more detailed investigation

of the subtle effects of conceptually driven processes probably

14
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requires a more naturalistic reading situation. Less natural

reading tasks may distort subtle effects to a great extent and,

thus, provide an inaccurate portrayal of conceptually driven

processes.

A natural reading situation that presents itself as a prime

candidate for an in-depth study of' conceptually driven processes

is skimmin . When reading certain types of material, one is not

always concerned with reading and fully comprehending every

detail of what was written. Often one reads for a particular kind

of information "ignoring" irrelevant information in the text. In

these cases the reader moves more swiftly through the text than

when reading for full comprehension. Since the reading process is

speeded the reader probably does not fully decode many words or

sentences in the text. Lather, skimming likely involves an

important interaction between data driven processes which provide

barely adequate information about what is actually on the page

and conceptually driven processes which use that information in

developing a comprehensible memory representation of the text by

confirming or rejecting expectations related to the reader's

goal. The evaluative role played by the products of data driven

processes and the highly active nature of conceptually driven

processes in their use of the decoded information places

relatively small demands on the quality of that information and

allows (or even requires) a very rapid flow of unintegrated

information. Thus, the process of skimming was selected as a task

that would empnasize the role of conceptually driven processes in

gI
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reading.

A related objective is, of course, to study the skimming

process itself. Skimming is a form of reading that almost

everyone has done in various situations and, therefore, is a

basic part of a reader's skill. It is important to know how

people skim and the extent to which skimming can be effective.

That is, if a person skims a text for its gist or for a specific

kind of information, can that person actually extract the desired

infor'mation while processing the text at a relatively rapid rate?

To the degree that this is possible, skimming will be defined in

this thesis as effective. The two objectives in studying skimming

are closely related and to the extent that the research described

here is successful in meeting one of the objectives, the other

objective will have been met to the same general degree.

Skimming, Reading Improvement, and Speed Reading

Skimming represents a speeded form of reading and, while

there has been little research directed at skimming processes

themselves, there are two branches of empirical work that relate

to the general issue of reading speed. One of these branches of

research is concerned with improvement of reading speed and the

other branch pertains to speed reading.

Educational research on improvement of reading speed has

generally conformed to the basic paradigm of training some

subjects in a reading improvement program and evaluating their

improvement either on the basis of their reading performance



12

prior to training or relative to reading performance of a control

group. A basic and unresolved issue in this field is the

measurement of reading speed relative to comprehension.

Improvements in reading speed are useful only if comprehension is

not sacrificed. A trade-off probably exists in which, beyond

certain reading rates, increased reading speed will result in

decreased comprehension. Researchers have not used uniform

measures of comprehension and as a result conflicting results

have often been found. In fact, a similar problem exists in

research on speed reading. A resolution of this troublesome issue

will be offered at the end of this section. In the meantime,

evaluation of experiments will be made in the context of the

types of comprehension measures used in the hope that a

consistent picture of the relationship between reading speed and

comprehension will emerge.

Evaluation of the effectiveness of the reading speed

improvement methods discussed below should be done in light of

Huey's (1968) claim that some increment in speed without

comprehension loss is possible simply by forcing a faster rate

and avoiding the tendency to "plod" while reading. Poulton (1963)

has also suggested that most readers operate below their maximum

potential rate of information processing. Furthermore, Rankin

(1963) has shown that reading speed improvas more reliably if

training first emphasizes speed then comprehension, rather than

comprehension first. Subjects can profit from some emphasis on

speed even before comprehension training begins. Reports of

I
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increased reading rates may simply be due to subjects realizing

their maximum potential rather than representing the result of

some major change in the reading process due to a training

program.

Reading rate is related to visual span of perception

(Buswell, 1957; Gilbert, 1959; Jackson & McClelland, 1975) and a

number of studies have reported attempts to improve reading speed

by providing practice in improving the visual span of perception

(Amble, 1967; Brim, 1968; Lloyd, 1978). While these studies were

successful in demonstrating some reading rate improvement, the

quality of comprehension was in doubt. Only in Amble's (1967)

review of developmental studies was comprehension shown to

acutally improve as rate increased. These improvements, however,

were attributable to accelerated development of reading skills

that likely would have occurred by adulthood without special

training. Olsen, Harlow, and Williams (1977) have used a parallel

method of rate training in the realm of braille reading. Blind

subjects entered a reading improvement program that emphasized

the use of more than one finger, working on multiple lines

simultaneously, and integration of the obtained bits of

information into comprehensible ideas. Reading rate increased

from a beginning level of 85 words per minute (wpm) to 120 wpm,

with no reliable drop in comprehension. It was found, however,

that the largest rate gains were associated with the lowest

comprehension scores. On the other hand, Marcel (1974) found that

after receiving training in advanced reading subjects

i
I
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demonstrated a greater use of visual periphery. Providing

subjects peripheral vision training can improve reading rate

(Sailor & Ball, 1974) but the quality of comprehension at the

improved rate is in doubt. In general, then, it may be that

improved span of perception, whether it be visual or tactile, may

provide moderate increases in reading speed. Beyond modest

increases expected by Huey (1968) and Poulton (1963), however,

comprehension is not maintained.

Improvements in reading speed that are concomitF't with

improved comprehension are the most powerful demonstrations of

all. T. Carpenter and Jones (1975) trained subjects to improve

reading rate and comprehension by seeking main ideas and

developing critical reading ability. In this way, reading speed

increased to an average of 515 wpm with improved !omprehension on

the Nelson-Denny test. The standardized Nelson-Denny test is

constructed -o that the comprehension questions are typed next to

the text to be read and there is no guarantee that subjects do

not adopt strategies to search for answers to particular

questions rather than reading the text as rapidly as 515 wpm then

attempting to answer the questions. After all, training in rapid

reading can lead to rate and comprehension improvement when

comprehension questions are presented prior to reading a passage

(Flynn, 1977). Moreover, presenting questions before reading a

text will improve performance on those questions but will

decrease performance on questions not presented prior to reading

(Anderson & Biddle, 1975). These results cast doubt on the

t
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validity of comprehension scores based on the Nelson-Denny test

as a pure measure of ability to read rapidly and then answer

comprehension questions on virtually any part of the text.

Comprehension tests of the Nelson-Denny variety suffer from

another problem in the context of measuring reading improvement.

If pre- and posttest scores are used to determine whether reading

rate has improved without comprehension loss, it is quite

possible that subjects' posttest scores will be inflated due to

prior practice on the test and the development of more efficient

strategies for taking the test. Consequently, the results of

studies using the Nelson-Denny test, especially in a pre- and

posttest paradigm, must be highly suspect.

Another method for improving reading speed involves giving

subjects practice at scanning paperbacks and training of

efficient eye fixations, recognition span, and reduction of

subvocalization (Berger, 1972). Baer (1974), Berger (1968), and

Brown (1976) have successfully increased reading rates by

training subjects to scan. No apparent loss in comprehension was

found, but the specific nature of the comprehension tests were

unclear. Similar results were reported by Gluck (1969), but

comprehension scores based on the Nelson-Denny test showed

declines from base scores in many cases, although there was no

overall change in comprehension.

A number of methods of pacing subjects at rapid rates of

.ipeed have been I in an effort to increase natural reading

rates. One class of methods involves the use of compressed speech

-M
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which requires subjects to listen to tape recordings of speeded

oral readings of passages. With extended practice in listening to

compressed speech Berg (1977) and Thames and Rossiter (1972) have

shown that subjects can increase reading speeds somewhat with no

loss of comprehension. The amouut of improvement in speed,

however, was not great and may have been due to subjects'

approaching realization of their maximum potential rather than

being due to a real improvement in reading skills. Without

extended practice, listening to compressed speech does not appear

to be helpful (Stamper, 1976).

Attempts to improve reading rate by training subjects to

read at fast, paced rates of speed have had limited success

(Brown, 1976; Gluck, 1969; Himelstein & Greenberg, 1974;

Laffitte, 1964; Maxwell & Mueller, 1967; Poulton, 1961). In all

cases either the amount of reading rate improvement was no larger

than might be expected by Huey's (1968) suggestion about

self-improved reading speed, or if the improvements were

reasonably high, quality of comprehension was questionable or

clearly worsened (Buswell, 1957; C. Smith, 1976). In his review

of research on the use of mechanical devices to pace rapid

reading Tinker (1967) warned that resulting gains in reading

speed are no greater than those that could be accomplished by

increased motivation.

Efforts to increase reading speed in children have commonly

resulted in decreased comprehension (Bonsall & Dornbush, 1969;

Neville, 1975; Swalm & Kling, 1973) and have led researchers to

- - = ~ _ _ _ _ _____
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recommend concentration of training on comprehension and

development of basic learning skills before proceeding to an

emphasis on speed. In fact, there is some concern that emphasis

on speed in reading at too early an age may retard the

development of flexibility in reading strategies or even basic

skills.

A rather interesting alternative approach to improving

reading speed consists of the use of reduced text (Bassin &

Martin, 1976; Martin & Bassin, 1977; Martin & Sheffield, 1976).

Passages are reduced to a fraction of the number of original

words by eliminating unimportant or redundant words. Reduction

can be based on a number of different criteria, such as word

frequency, rated subjective importance, or grammatical

importance. For the most part, both sighted and blind subjects

were able to read the reduced text versions without major losses

in comprehension. But reading rate declined as the amount of

reduction increased so that the total time taken to read full and

reduced texts were the same. Subjects seemed to be able to cope

with a limited rate of information flow (cf. Carver, 1977;

Poulton, 1958, 1963), and these limitations appear to be based at

the level of higher order processing rather than low level

perception (Keen, 1973).

Given that methods of Iraining subjects to read at rates of

speed greater than their normal reading rates has not proven very

successful, it would be worthwhile to examine possible causes of

this lack of success. Research on the effects of increasing

o4 - -
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reading rate without prior training on comprehension and memory

has provided insight into the information processing constraints

imposed on a reader. I argue that it is these constraints that

are responsible for the failure of training in speeded reading to

produce dramatic increases in reading rate. In an early study on

the effects of forcing subjects to read beyond their normal

rates, Jester and Travers (1966) paced subjects at rates of up to

350 wpm. Pacing was accomplished by the use of controlled visual

presentation of segments of the text, compressed speech, or both.

Comprehension was measured by a multiple-choice test. It was

found that comprehension decreased in a linear fashion as reading

rate inceased. At 300 wpm greatest comprehension was observed for

those subjects who were paced both visually and aurally.

Comprehension was lowest among subjects paced with compressed

speech alone. Speeded reading comprehension probably was best

when compressed speech accompanied visual pacing because the

auditory information could encourage efficient eye movements,

especially by reducing regressions, and could provide text

information not completely processed by the visual system. Lower

comprehension of compressed speech presented in isolation

indicates that reading may have greater potential for rapid

information input than listening. The extent of this potential

will be examined in later sections of the thesis.

Kieras (1974) has also investigated the consequences of

speeded reading. Subjects read sets of related sentences either

at their own rates or at a rapidly paced rate. Recognition of the

_ A
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sentences in a later test was lower for those subjects forced to

read at a fast pace. Rieras suggested that the effects of the

speeded pace were to cause sentence information to be stored in a

less complete and less accessible form. It appears that readers

are able to process information for optimal comprehension at some

maximum rate of speed. Beyond that rate comprehension is not as

complete as when lower rates are used. If subjects are forced to

read beyond the maximum rate they will necessarily process less

of what is "read" and must, therefore, learn to select the

appropriate information for full memory representation (cf.

Poulton, 1963). In a supporting experiment by Poulton (1958),

subjects studied all or some fraction of a set of test sentences

for a fixed time period. On a test of the whole set of sentences

only those subjects who studied one quarter of the set did

poorly. Subjects who studied more than one quarter, including

those who studied the whole set, did equally well on the test of

total recall. A maximum information input rate had apparently

been reached by those subjects who studied more than one quarter

of the sentences. Those who were given only one quarter of the

sentences were operating well below their optimal input rate.

Sticht (1977) has presented a theory of reading literacy in

which he has claimed that the optimal level of reading that one

can achieve is constrained by one's ability to comprehend speech.

Even with the most efficient decoding processes available, a

reader's comprehension rate will be limited to his or her speech

comprehension rate. This view of the relationship between reading

AM T
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and speech comprehension hints at some fundamental constraints on

natural language processing and is shared by Carver (1977). in

his work on pacing readers at rates of up to 100,000 wpm Carver

has found that the maximum rate of comprehension of written

material and of speech for college students is in the vicinity of

300 wpm. The optimal rate of 300 wpm was found across all levels

of difficulty of material tested (elementary school to college).

Rates greater than this led to decreased comprehension, and

beyond 1000 wpm comprehension test scores were at chance level.

Furthermore, a test of free reading speeds of college students on

materials of differing levels of difficulty showed that the

average rate was about 300 wpm.

The results of research on forcing subjects to read at

increased rates of speed are consistent in their finding of

decreased comprehension. Even with training at faster reading

rates people are not able to dramatically improve their reading

speed and maintain full comprehension. Contrasting with these

results are claims made by advocates of speed reading who have

-rgued that people can be taught to read at rates of thousands of

words per minute without loss of comprehension. In evaluating

these claims the issue of what is meant by "comprehension" will

once again play a crucial role. In resolving the commercial

enthusiasm of speed readIng advocates with experimental fact it

will become apparent that the single most important underlying

issue is that of comprehension.

Wood (1960) touted speed reading as a breakthrough in
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improving reading ability and implied that people who read very

fast become very well informed. Of course, it is also possible

that being well informed is a prerequisite of being able to read

quickly. In fact, G. Stevens and Oren (1963) have argued that

speed rcoding requires adequate conceptual background knowledge.

They also claimed that speed reading can be accomplished throughl

a procedure of reading parts of several different lines of text

at once. It has been shown that success in speed reading is

linked to alterations in certain aspects of the reading process.

In particular, being able to avoid serial subvocalization of the

text's words is a factor in developing speeded reading (iignerey,

10,75; Voluse, 1973). Avoiding serial subvocalization would be

related to the process of reading different parts of the text

simultaneously as it is difficult to carefully attend to multiple

"conversations" at the same time. Apparently there are some basic

changes in reading strategy that accompany training in speed

reading. The question remains as to whether speed reading can

provide adequate comprehension.

One of the most convincing demonstrations of successful

speed reading to date was performed by Barrus, Brown, and Iouye

(1978). They argued that it is not necessary to see every word to

comprehend all the information in a text, and that speed reading

can provide full comprehension. They selected three groups of

subjects, one of which was composed of select graduates of a

speed reading course. Graduate students in social psychology and

undergraduate honors students all without speed reading training

BI
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formed the other twc groups. The material used in the testing

were passages from a social psychology text. The procedure for

reading always involved reading the passage for an allotted time

period, making notes about the passage from memory, postviewing

the passage at a rapid rate, making more notes from memory, then

providing a detailed verbal summary. One passage was read at 3000

wpm and postviewed at an average of 4500 vpm. Mother passage was

read for a fixed time corresponding to a rate of 200 wpm.

Subjects could read the passage multiple times and, of ccurse,

the speed readers did just that. Postviewing time corresponded to

650 wpm. One passage was read at the readers' preferred rates:

1800 wTpm for speed readers and about 320 wpm for the others.

Scoring of the summaries was based on an outline of the text

consisting of major and minor concepts and supporting details.

Judges b]indly rated the quality of the protocols. Subjects who

had received speed reading training showed superior recall on the

first two reading tasks, and were not significantly different

from the other groups on the free reading passage. This seemingly

convincing demonstration of the effectiveness of speed reading

training surferp from a number of serious problems. Perhaps the

most important flaw is that there is a differential selection

process involved in the classification of subjects as sperA

readers or normal readers. Although all subjects had reasonzAbly

simi..ar undergraduate grade point averages, theie is no guarantee

that the selected group of speed readirg trainees did not diffzr

"tom the other subjects In important -ays, some of hich may

------------
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involve reading abilities quite unrelated to speed reading

training per se. A related criticism is that the experiment was

designed so that no valid comparison of recall after reading at

different rates could be made within-subjects. Since the

between-subject comparisons were questionable at best, it would

be very important to determine whether speed readers recall more

information when forced to read at slower speeds than when speed

reading. Such a result would call into question the claim tnat

one need not see every word to comprehend all the information in

the text. Also, the reading and scoring methods were both biased

in favor of the speed reading trainees who have been specially

instructed in methods such as postviewing and forming outlines.

These pr,.cedures could have provided the speed reading group with

an extremely unfair advantage. Finally, comprehension was

estimated in the experiment by comparing recall protocols3 to an

outline of the passage being read. Quality of comprehension,

then, must be defined within the context of general information

included in an outline. Given these considerations, the Barrus et

al. (1978) experiment does not seem very convincing.

Even less promising results of speed reading training have I
been reported in other experiments. In some cases, training has

led to improved speed but significantly lower comprehension

(Graf, 1973; D. Stevens & Adams, 1968). In a study by Liddle

(1966) 'raining subjects to speed read led to decreased

comprehension on three different meavres. Speed readers were not

able to obtain sufficient informati n or details to recognize

!I
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basic facts or draw related inferences or necessary conclusions.

The measarement of comprehension in experiments on speed

reading is crucial, for it is this measure that will shape the

conclusions that one can draw about the degree of success that a

speed reader has achieved. A number of studies are very revealing

in this regard. Hansen (1975) carried out a discourse analysis of

recall protocols of speed reading trainees and untrained subjects

all of whom were allowed to read an unlimited amount of material

in a fixed time period. A striking effect was obtained in that

control subjects reca)led fewer idea clusters than the trainees

(probably because they didn't read as far in the passage), but

the control subjects recalled more information per idea cluster.

A study of reca.l protocols of spee. readers done by McLaughlin

(1969) revealed a good deal of reconstructive recall implying

that subjects pieced together bits of information based on

general knowledge. Arguments have been made by B. Smith (1975)

and by Witty (1969) that the standard comprehension tests used in

speed reading courses may be limited in the scope of evaluation

of comprehension and that there is also some question about the

ability to transfer learned speed reading skills to materials

quite different from those used in training. Demonstrations of

the validity of these concerns are readily available. Rauch

(1971) gave a sample training multiple-choice comprehension test

to a group of teachers after they had read only the title of the

relevant article. Nearly half of the teachers scored 70% or

better on the test. Similar effects were reported by Carver

7-M
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(1971). In another demonstration Ehrlich (1963) gave graduates of

a speed reading course a page of typewritten material to speed

read. The subjects read the material over three times for an

overall speed of 1700 wpm and were satisfied that they had

understood the article. Ehrlich had constructed the article by

writing out two lines at a time from two different articles,

alternating the pairs of lines to form the final passage. The

subjects had "understood" a rather incomprehensible passagel This

serves as a rather strong example of how much the reader must

contribute to what is being read and of just how little external

guidance of thinking (Neisser, 1967) some forms of reading

provide.

Further doubts about the feasibility of speed reading stem

from research on eye movements during reading which has led to

the conclusion (Spache, 1962; Taylor, 1965) that reading at

speeds beyond 800-900 wpm is impossible due to fixation durations

and the number of fixations required to perceive all words in a

text. McLaughlin (1969) has refuted these claims and argued that

speed readers have patterns of eye movements that are

characterized by straight sweeps down the page sometimes marked

by small horizontal movements. These patterns are quite different

from those of normal readers which are characterized by general

left to right horizontal movements and regressions. According to

McLaughlin, speed readers are able to fully comprehend material

because they can process different parts of a text in parallel

and can perceive parts of different sentences in a single
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fixation. toth of these claims are highly questionable. The work

of McConkie and Rayner (1975; Rayner, 1975) has shown that the

visual system is relatively limited in the degree of resolution

of words seen in the periphery. Without the necessary eye

movements it seems impossible to clearly perceive widely

separated parts of a text simultaneously. It is also very

doubtful that a reader would be able to adequately integrate into

a memory structure of a text information from a number of

different sentences at once. The cognitive processing resources

required for such a task probably would exceed the reader's

capacity (Kahneman, 1973; Norman & Bobrow, 1975).

A stringent test of the hypothesis that speed readers are

able to smoothly move their eyes down a page while comprehending

a text would consist of a comparison of eye movement data of

normal and speed readers. Taylor ()962) has provided just such a

comparison. He collected eye movement protocols of speed reading

trainees while reading normally and while speed reading. He found

that eye movement patterns during speed reading resembled those

that occur during skimming or scanning and consisted of

arhythmic, small left to right saccades while generally moving

down the page. Similar patterns have been observed among subjects

who skim or scan a text (Hu]tgren, 1968; Spache, 1962; Spragins,

1974). When Taylor pressed his subjects to read at a greater rate

of speed with smooth, almost purely vertical eye movements,

comprehension suffered badly. Data such as these have led to the

conclusion that speed reading should be considered a form of
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skimming (Taylor, 1965). Taylor has argued that people can be

taught to skim and scan at thousands of words per minute and that

the corresponding eye movements involve looking and reading, with

the reading phase similar to eye movements during normal reading.

Tinker (1962) has made the point that speed reading should be

co, sidered a form of skimming because when one reads at rates

over 1000 wpm many words can't be seen and are, therefore,

skipped as in skimming. Schale (1965) and Carver (1971) have also

argued that speed reading should be considered a form of skimming

due to similarity of eye movements and resulting patterns of

comprehension. Bansen's (1975) result on recall of texts in which

it was found that speed readers recalled more idea clusters than

normal readers but recalled less about each idea is consistent

with the notion that speed reading results in comprehension of

something ak-i to the gist of a story. Often the goal in skimming

is to obtain the gist of a story.

The similarity between skimming and speed reading eye

movements and consequent patterns of comprehension suggests that

both methods of reading should be considered as part of a

repertoire of reading strategies available to a sopbistocated

reader. Rather than defining reading as an inflexable process in

which all aspects of texts are perceived and comprehended at a

uniform rate (Carter, 1977, 1977-78; Coke, 1974; G. R. Miller &

Coleman, 1972), reading should also be defined as including

processes of skimming, scanning, and slow study rates (Hoffman,

1978). One's reading rate and strategy should be flexible enough

- -
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to fit one's purpose (Gibson & Levin, 1975).

In a series of studies using payoff schemes to alter

readers' goals McConkie and his coworkers (McConkie & Meyer,

1974; McConkie & Rayner, 1974; McConkie, Rayner, & Wilson, 1973)

have shown that reading rate is sensitive to payoff contingencies

in which rate and comprehension are related. Subjects increased

their reading rates up to about 300 wpm and were able to retain

information relevant to their purpose in reading while retaining

less irrelev int information. Coke (1976) and Samuels and Dahl

(1975) have shown that establishing different purposes in reading

can affect reading processes and, consequently, reading rate. For

example, reading for general information can be done nearly 200

wpm faster than reading for details (Samuels & Dahl, 1975).

Readers can adjust their reading rates as they become more

familiar with a task (Kershner, 1964) and also can adjust their

rates as different parts of the same text become more or less

difficult (Rankin, 1971). Flexibility is important in the

development of speeded reading as more success in increasing

reading rate is achieved by readers who have greater flexibility

(Thompson & Whitehill, 1970).

Part of the ability to develop flexible reading strategies

depends on being able to rapidly cover a large body of material

for particular or gist information. These processes of skimming

or speed reading are dependent on the reader's success in

suppressing subvocalization (Hardyck & Petrinovich, 1969; Moore,

1962; Wheeler & Wheeler, 1962). On the other hand, reading

I



29

difficult material often involves an increase in subvocalization,

as if this process were an additional resource for comprehension

(Hardyck & Petrinovich, 1969).

From a general point of view, it has been argued that

comprehension should be evaluated in light of a reader's purpose

(Stauffer, 1962). Reading efficiency, defined as reading rate per

unit of comprehension, has been advocated as an alternative to

the usual measures which treat rate and comprehension as separate

quantities (L. Miller, 1973). While such a measure would

encourage flexibility due to inflation from possibly incredible

reading rates (despite low comprehension), it masks the basic

trade-off of speed and completeness of comprehension. It would

seem more suitable to speak in terms of reading rate and strategy

and quality or type of comprehension (detailed, gist, etc.). One

could then begin to judge the adequacy of certain reading

strategies (e.g., speed reading, skimming) with regard to more

reasonable criteria of comprehension. Through consideration of a

good deal of research it has become clear tnat reading at

incredible rates is, in fact, highly credible Jf one defines

comprehension in the appropriate manner. Skimming and scanning

should be considered no more effective reading strategies than

speed reading, as long as one realizes that effectiveness is

determined by the degree to which a reading strategy is

successful in providing the reader with the desired information.

The development of clearly defined goals in reading is a

requirement of flexible reading (Steinacher, 1971), and it is

- J
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these goals that sfecify the type of comprehension that should be

achieved. If a reader is interested in obtaining detailed

information from a text, then ekimming or speed reading will not

be useful unless done as part of a more complex reading strategy

that uses rapid reading as a prelude to careful reading (Pauk,

1964).

In conclusion, the evaluation of speed reading, skimming,

reading improvement programs, and other reading strategies must

be done within the specific limits of the pattern of

comprehension that is sought by the reader. It is futile to

continually argue about the success of a reading strategy until a

criterion of comprehension is clearly defined and agreed up3n. It

is equally futile to argue about wether activities such as speed

reading and skimming should be called "readizig" (Carver, 1971).

Given that these processes are forms of reading strategies, they

must be considered within the realm of reading and we must

broaden the definition of and scope of concern about reading

processes accordingly. The research described below is part of a

program designed to extend the range of cognitive research on

reading to include issues related to rapid reading strategies.

Rationale for Experiments

Theoretical Isaues

The experiments to be reported in this thesis focus on a

number of issues relevant to cognitive psychology, artificial

intelligence, and education. They are generally concerned with
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processes in skimming stories and the relationship of these

processes to reading at normal rates. Included as a major

objective in studying skimming is the goal of investigating

conceptually driven processes. The specific approach to be taken

in accomplishing this objective is to consider the role of

knowledge structures in guiding conceptually driven processes.

These knowledge structures can be thought of as frames (Charniak,

1975; Minsky, 1975) or schemata (Bobrow & Norman, 1975). A number

of different schemata are required to successfully read even a

relatively simple story and to acquire the new knowledge

contained therein (Rumelhart, 1977b; Thorndyke & Hayes-Roth,

1979). These schemata include knowledge of many aspects of the

world and the language.

Schank and Abelson (1977) have implemented notions of

schemata-based comprehension in the development of natural

language processing programs. Not only do they suggest that

knowledge structures for common events (scripts) are required for

comprehension, but knowledge about plans and goals of actors is

also required for understanding and inferences about events in a

story. Bower, Black, and Turner (1979) have obtained a number of

results that confirm the importance of the part played by scripts

in comprehending stories. Subjects exhibit confusion between

actions stated in a text and unstated script default actions,

indicating that events expected on the basis of prior knowledge

are likely to enter into the comprehension process. Script

actions will be recalled in script order even if a scrambled

I
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presentation order is used. In support of ideas about predictive

reading processes, reading time of statements occurring later in

a story (presumably after a script has been instantiated) is less

than for earlier statements. With respect to the importance of

actors' goals, Bower et al. have shown that goal-relevant script

deviations are better remembered than standard script actions.

The schema or set of schemata that is of particular interest

in the research reported below is related to story structure.

Proceeding from Bartlett's (1932) work on story structure

schemata a number of current researchers have conducted

experiments testing the influence of story structure on recall

(C. Frederiksen, 1975a; Kintsch, 1974; Kintsch & van Dijk, 1975;

Mandler & Johnson, 1977; Meyer, 1975, 1977; Rumelhart, 1975;

Tnorndyke, 1977). A general finding is that the importance of a

statement or proposition to the gist or theme of a text is

predictive of that statement's probability of being included in a

recall protocol or summary, with more important statements having

higher probabilities. Another experimental result is that if

paragraphs of a story are presented in scrambled order (Kintsch,

Handel, & Kozminsky, 1977) or if multiple episodes of a story are

interleaved (Handler, 1978) subjects will recall the story in

canonical form, reordering the paragraphs or separating episodes

to produce a reasonably coherent protocol which adheres to basic

principles of story structure. It is these principles that are

thought to be contained in story structure schemata (Anderson,

1977; Crothers, 1972; Rumelhart & Ortony, 1977).
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Knowledge about story structure can serve to guide the

reader's expectations about what kind of information is likely to

be provided at the next point in the story. Such knowledge can

also be used to aid in comprehending a poorly (or highly

stylistically) structured story by suggesting possible structural

categories (e.g., setting, plot event) for otherwise disconnected

pieces of information. Finally, story schemata can be used to

guide recall of a story and improve coherence of a recall

protocol, particularly in those instances where the story was

structured in some unusual way (e.g., scrambling paragraph order)

but the requisite story information is available from the memory

representation. In fact, recalling a poorly organized story may

help to change a muddled memory representation that is highly

susceptible to forgetting into a more coherent, stable

comprehension structure. A process such a- this may account for

the success of note taking and outlining procedures used in speed

reading courses: a rather piecemeal set of information can be

organized into a more coherent, though not completely accurate,

whole.

With regard to processes in skimming, the availability of a

schema for story structure could guide the information sele, tion

and comprehension process .s. By taking advantage of a story's

structure a reader can efficiently locate certain kinds of

information. And by knowing what aspects of story structure are

most important, the reader can selectively elaborate reading and

inferential processes at appropriate points in the story so that
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the most important and relevant information in the story will

earn an appropriate place in the resulting memory representation.

In skimming there is not sufficient time for perceptual or

cognitive processes to operate as completely as they ordinarily

might, and so these processes must be made to work more

selectively. I claim that it is knowledge of story structure that

plays a large role in this selectivity o: processing operations.

Therefore, a basic issue to be pursued in the research discussed

in the following chapters is the use of story structure schemata

in skimming.

Another issue of importance is the question of the kind of

memorial representdtion that is produced by skimming. While the

pattern of memory performance will be used to make inferences

about the operation of various processes, the nature of the

representation itself is of interest. One aspect of memory

representations of text that -ill be investigated is the extent

to which the representations include reliable information about

the surface structure of the material that was skimmed. The

degree of surface memory observed would have implications for how

memory of skimmed material is structured and also for how the

material was processed. For example, if skimming involves

perception of bits of information and higher order inference

processes to integrate them, as suggested earlier, one would

expect to observe rather poor surface memory. On the other hand,

if subjects predominantly restrict themselves to careful reading

of select sentences one might expect to observe rather good
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memory for surface structure.

The issue of surface memory is one that has been of concern

to researchers in natural language processing for some time.

Sachs (1967) tested surface memory in what I will refer to as a

direct manner by presenting verbatim, paraphrase, and false test

sentences drawn from previously processed textual material and

requesting subjects to judge whether or not the statements were

different from the statements that had actually occurred in the

text. Subjects were far more likely to reject false statements

than they were to reject paraphrase statements, indicating that

memory for meaning was far superior to memory for surface

stracture. Recent evidence has been obtained by a number of

people that suggests that surface memory may be more accurate and

durable than originally believed (see Hayes-Roth & Hayes-Roth,

1977). In al experiment by Hayes-Roth and Hayes-Roth (197,7)

subjects studied sets of unconnected sentences and were tested

for recognition of those sentences when presented in original or

synonymous form. Using what I will refer to as iir measures

of surface memory, it was found that surface memory was quite

reliable. The measures consisted of confidence in recognition

judgments, which was higher for verbatim than for paraphrase test

statements, and of time required to verify test statements, which

was lower for verbatim statements. Kintsch and Bates (1977) found

evidence for verbatim memory of lecture material even after two

days in an indirect test. Verbatim test statements vere

recognized as being consistent with material presented in the
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lecture more reliably than were paraphrase statements. When they

used a five-day delay interval and a direct test, Kintsch and

b ces found that surface memory was reduced. Thus, it appears

that aspects of surface memory may be retained over some period

of time. In fact, using an indirect test Kolers (1976) has

demonstrated that subjects remember aspects of the typography of

text material even a year after the original reading. Is test

involved measurement of the time required to reread passages

originally typed i : ormal or transformed typography.

In studies of surface memory a distinction has arisen in

methods of testing surface memory. It is important to realize the

consequences of direct and indirect methods of testing. These

consequences have recently been elucidated in a study by Sala and

Masson (1978) in uhich subjects read sets of unrelated sentences

then were given a recognition teat in which original senternces

were presented in verbatim or paraphrase form. If a subject

recognized the meaning of a statement he or she was then asked to

indicate whether the wording was the same as the original

sentence's wording. The indirect test of surface memory consisted

of the difference in meaning recognition of verbatim versus

paraphrase test statements. The degree of superiority of

recognition of the verbatim statements was maintained across test

delays of up to seven days and showed no sign of decreasing. The

direct test, in ubich subjects overtly indicated whether wording

bad changed, showpd that memory performance approached chance by

the seventh day. The general lesson here is that very different
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results may be obtained depending on the method used to test

surface memory. It appears that surface memory may be more stable

than originally supposed and can exert some influence on

processing operations such as recognition of meaning and reading

time while explicit access to the surface information itself may

become less feasible over time. Thus, the extent to which surface

memory is accurate must be evaluated not just in terms of the

actual score: on a test but also with respect to the method of

testing.

In skimming a story processing is not only constrained by

elements of time but also by limited resources and limited data

(of. Norman & Bobrow, 1975). With respect to resource

limitations, a reader who is skimming a story is faced with a

rapid flow of information that often is incomplete with regard to

coherence. One piece of information may introduce an event's

setting and the next may suddenly describe that event's

conclusion, leaving the reader with an enormous inferential

computation. This computation requires cognitive resources that

draw upon prior hiiowledge about the topic in an attempt

construct a reasonably likely chain of events making the obtained

information comprehensible. At the same time, more pieces of

information about other events may be made available and require

attention. To the extent that the reader is able to construct a

meaningful memory repres .ntation of a story, more resources will

be required as meaningfulness increases (Britton, Holdredge, &

Westbrook, 1979). All these demands on cognitive resources place
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a heavy burden on a reader while skimming and it is important to

determine how these resources are distributed among various of

the processing tasks.

Related to the concern about cog Live resources is the

issue of how perceptual processes operate in skimming to provide

data for higher-order cognitive processes. A relevant hypothesis,

which is related to the research on speed reading and reading

improvement (Hardyck & Petrinovich, 1969; Moore, 1962; Wheeler &

Wheeler, 1962), is that as reading rate increases the reader may

no longer be able to rely on phonological decoding processes as

these appear to demand time and cognitive resources (Kleiman,

1975; Levy, 1977), neither of which are abundant during skimming.

A more efficient strategy would be to use whole word visual

identification (Baron, 1977) which involves rapid identification

of words based on their visual characteristics rather than

phonological decoding of syllables. In fact, fast readers can be

distinguished from slow readers on the basis of their speed of

accessing overlearned memory codes for visually presented letters

(Jackson & McClelland, 1979). Thus, when skimming the reader may

be provided with products of data driven processes that are not

based on phonological decoding, but a primarily visually accessed

code. Some of the consequences of this situation may be very

subtle but a more obvious one would be reduced demands on

cognitive processing resouces. It seems reasonable to assume,

contrary to Bobrow and Norman (1975), that under some

circumstances data driven processes require some conscious
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attention (Masson & Sala, 1978) and that reduction in the am.ur

of attention or resources required at the data driven processing

level would make available more resources at the conceptually

driven processing level. More resource-efficient data driven

processing probably is a prerequisite for effective skimming.

With a decrease in phonological decoding the reader can rely on

more rapid visual perception of fragments of information and can

adjust more readily to a rapidly forming comprehension structure.

The results of the research reported here will have

implications for text processing models, and there are two such

models that will be considered with respect to this research. One

of the models is an artificial intelligence program called FRUMP

(Fast Reading Understanding and Memory Program) developed by

DeJorg (1979). FRUMP was designed specifically to skim certain

types of newspaper stories for important information. The program

processes stories rapidly and will output a summary containing

the critical information. There are two issues relevant to the

operation of the program and to how people skim: how :mportant

information is defined as important and how it is selected. FRUMP

uses .1Ichy scripts which are specially condensed scripts

(Schank & Ableson, 1977). The sketchy script contains requests

for various types of information and it is this information that

is defined as important. The requested information can be

provided by the active part of the program which parses the

story. Only statements or conceptualizations (Schank & Abelson,

1977, Chapter 1) relevant to an activated sketchy script will be

_________ ________ I
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fully processed incorporated into memory for later

summarization. Coiic. .tualizations not directly relevant to the

requests of a .:ketchy script will be parsed only as far as is

necessary to determine that they will not satisfy any requests.

Not all sketchy scripts in FRUMP's memory are active at once and

an 4 rrportant aspect of the program is how relevant sketchy

scripts are selected for processing a story. There are three ways

in which a sketchy script may be instantiated, depending on how

the script is referenced in the article and on any possible

information currently being processed. A script may be activated

by explicit reference to the script, by an inference implying

that the defining action of a script has occurred, or by explicit

reference to an action that is part of the script's set of

requests. once a sketchy script has been activated, the program

seeks information to fill the script's requests. In this way

FRUMP operat:,.s in a conceptually driven manner, expecting

particular kinus of information relevant to the instantiated

sketchy script and readily incorporating that information into

memory.

At a general level, the FRUMP program as a model of skimming

implies that apocets of the text that are relevant to the goal of

reading the text (as defined by bketn-hy script requests) are far

more likely to be incorporated into memory than are statements

not related to the goal. As skimming rate increases, FRUMP's

parser is used less frequently and important conceptualizations

may be missed or incompletely processed. The implication for

f.:iv7=- - - ------ _ _- -- _------- --
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human readers is that higher skimming rates should result in

virtually exclusive selection of relevant conceptualizations as

well as occasional omission of some relevant conceptualizations.

Omission of important statements from text processing should

increase with skimming rate.

A second model of text processing that is relevant to the

research described in the following chapters concerns the

extraction of macropropositions and micropropositions from

stories (Kintsch & van Dijk, 1978). The model consists of a

cyclic processing of text constrained by limitations of working

memory. Macro-operators infer and extract from the text

macropropositions that together represent the gist or

macrostructure of the story which conforms to story structure.

These macropropositions are defined by the reader's goals. Recall

primarily involves retrieval of macropropositions from memory, as

well as construction of relevant inferences. In the case where

one is reading for the gist of a text, one is more likely to

extract and infer macropropositions than micropropositions as the

latter contain details not essential to comprehension of the

story's gist. The model is particularly concerned with

establishing referential coherence in the comprehension

structure. Thus, as the model cycles through the text, a number

of propositions are entered into the processing at each cycle. As

a new cycle begins some number of propositions are held over from

the last cycle in order to make a referential connection with

some argument(s) of the newly processed propositions. If no such

IJ
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connection can be made more complex processes such as inference

and reinstatement of earlier propositions must be called into

play. Consequently, a poorly connected text will be difficult to

process.

When a reader skims a text it is likely that the distinction

between macropropositions and micropropositions will become more

prominent, with macropropositions being more fully processed both

in terms of information provided by data driven processes and at

the level of verification or rejection of conceptually driven

conjectures about what the text says. On the other hand, it is

also possible that skimming does not allow one to fully exploit

the distinction between macropropositions and micropropositions.

That is, the ability to develop an accurate representation of a

text's gist or macrostructure may deteriorate to a state in which

one has only a mixed collection of very important statements and

trivial details. Another interesting issue is whether the cyclic

processing of text proposed in the model is maintained when

skimming or if gome other processing strategy for construction of

a coherent representation is used.

The experiments reported below were designed to deal with

the general issue of how people skim stories and with the

theoretical expectations based on interpretations of DeJong's

(1979) FRUMP program and Kintsch and van Dijk's (1978) text

processing model. I should emphasize, however, that the

experiments are not meant to be direct tests of either of these

theoretical formulations. FRUMP and the macrostructure model were
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discussed here in order to provide an indication of how skimming

processes might be formalized in processing models. FRUMP was not

meant to be a psychological model; it is an artificial

intelligence program. People may skim stories in ways totally

unrelated to FRUMP's behavior, or there may be striking

similarities between human processing and FRUMP's operation. The

extent of these similarities and differences will determine

FRUMP's potential for being a psychological model. Similarly,

Kintsch and van Dijk's model was not devised as a description of

skimming proce.:as, but the model does nave potential

ramifications for ideas about what kinds of comprehension

processes might be involved when a reader skims. In fact, the

model may be so general as to be made to simulate skimming

behavior simply by making appropriate adjustments in its

parameters. If not, it may be feasible to suggest changes in the

model that would result in a related processing model more

specifically designed to deal with skimming processes.

Experimental Methodology

The primary questions addressed in this research are

concerned with how a text is processed when it is skimmed and

with the characteristics of the resulting memory representation.

Processing details and memory representations can be assessed by

tests of what subjects remember about a text: the

characteristics of what is remembered have implications both for

what is in memory and for how that information was processed. The

use of memory performance as an indicator of comprehension
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processes must include an acknowledgement that comprehension

processes have been tapped only indirectly. Ortony (1978) has

argued that separate theories of comprehension and memory should

be developed, and has pointed out that not everything that is

understood is remembered and that not everything that is

remembered is understood. I would argue, however, that while

investigations of comprehension processes by direct means (e.g.,

Shebilske et al., 1977) is highly desirable, development of

comprehension theories probably will not be completely successful

without consideration of realistic and compatible memory

theories. As was discussed earlier, processes that interact in

fundamental ways with other processes, as comprehension and

memory clearly do (Rumelhart, 1977b; Rumelhart & Ortony, 1977),

must be understood in the context of those processes with which

they interact. Study of a proces., occurring in isolation may lead

to conclusions that badly misrepresent the true state of affairs.

In the case of memory and comprehension, while it may be tat not

all that is remembered is understood, it is apparent that memory

and comprehension are interdependent (Bransford & McCarrell,

1974).

Observations about aspects of memory representations, then,

do have promise for contributing to the understanding of

comprehension processes. An example of this contribution that is

used in the studies reported later in this thesis involves

testing memory for surface form. It was suggested that skimming

may involve a process of obtaining partial information from

: ! .
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sentences and then drawing inferences to relate those pieces of

knowledge into a coherent structure. To the extent that

comprehension during skimming relies on inferential processes,

little processing of surface structure is likely. A consequence

for memory of a text is that little knowledge about surface

structure will be represented. Surface memory, then, was tested

in a number of experiments in a direct manner by asking subjects

to judge whether test statements drawn from texts that they had

read were worded in the same way as when they had occurred in the

texts. A direct test of surface memory allows measurement of the

extent to which subjects can consciously access their knowledge

of surface structure. If subjects primarily process surface

structure without conscious attention it is probable that they

will remember very little of the surface features of a text

(Kolers, 1975a; Masson & Sala, 1978; Schneider & Shiffrin, 1977;

Shiffrin & Schneider, 1977). But if attention is devoted to the

processing of surface structure when reading normally or

skimming, subjects should display some ability to detect changes

in surface form of test statements.

A memory for meaning test w.s also used in the experiments

= described in the following chapters. In the first two studies a

recognition test was used to provide a sensitive test of

information available from normally reading and skimming stories.

One of the most important issues considered in designing the

meaning test items was the use of story structure schemata in

reading. Test statements were derived that represented different
I

I
I
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levels of importance with respect to a story's macrostructure.

Importancae ratings were used as a basis of determining which

statements contained propositions that would correspond to

macropropositions and which statements contained information

corresponding to micropropositions. Johnson (1970) and Caccamise

and Kintsch (1978) have shown that statements rated as more

important to a text's gist are more likely to be recalled and

recognized. Test statements that were rated as important in the

experiments reported here will be called macrostatements and

unimportant statements will be called microstatements so that the

correspondence with models of story macrostructure (Kintsch,

1977; Kintsch & van Dijk, 1978; van Dijk, 1977) will be

preserved. Other test statements were inferences that could be

made on the basis of information provided in the text. Inferences

were chosen to be of high importance in order to increase the

likelihood that subjects would have made the inferences during

reading (Goetz, 1977). Inferences that are too easily predicted

by explicit information are likely to be processed superficially

and represented in memory in an unstable fashion (Spiro &

Esposito, 1977), so the selected inferences also required the

availability of a number of pieces of information and cognitive

effort in connecting those pieces into a coherent knowledge

structure. The ability to recognize such inferences would

indicate that during reading (normal or skimming) subjects were

able to comprehend and possibly combine the information necessary

to form important conclusions. To the extent that subjects are

___________________________
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able to recognize macrostatements and inferences more often than

microstatements, evidence for the role of story structure

schemata or macrostructures will be obtained. For example, if

subjects are unable to make good use of story structure in

skimming and do not selectively process macrostatements nor make

important inferences, then recognition performance on the

different types of statements should not differ.

Stories of two different types were included in the first

two experiments in order to observe effects of skimming on the

operation of two kinds of story schemata. One set of stories was

composed of narratives, a commonly used type of text in cognitive

research. The other type was newspaper stories. This type was

selected so as to provide a comparison of obtained data with

FRUMP and because newspaper stories have a rather different

structure from narratives. In newspaper stories the important

information ordinarily occurs early in the story and this may

aff ct the strategy or effectiveness of -kimming. Narratives may

place important information at any point in the story, although

information given early is important in establishing the basic

nature of the narrative. Moreover, newspaper stories and

narratives contain different kinds of information with narratives

emphasizing any number of themes such as character development,

while newspaper stories concentrate on presentation of newsworthy

information. Readers are usually familiar with newspaper story

structure and are likely to recall important more than

unimportant information in a newspaper story (Thorndyke, 1979).

-zr
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In the third experiment a recognition test was used to

investigate skimming processes that occur when subjects are

instructed to read for information relevant to a specified goal.

Rather than reading to obtain the gist of a story, subjects were

requested to read from a particular perspective. The degree to

which relevant and irrelevant information is recognized provides

an index of how selectively subjects are able to process a text

on the basis of the assigned perspective.

A variable included in the second and third experiments was

the way in which stories were typed. Normal typography was used

for half the subjects and an alternating case typography was used

for the remaining subjects. It was hypothesized that reading

alternating case would be difficult if whole word visual

identification processes were in effect, due to the unusual

nature of each word's appearance (Baron, 1977). Thus, if skimming

involves the use of whole word visual identification more so than

does normal reading, then one would expect to see a greater

detrimental effect of alternating case for subjects who skim than

for those reading at a normal rate.

The final experiment in this report involved collection of

recall protocols from subjects who read stories at different

rates of speed. These protocols were simulated using a version of

Kintsch and van Dijk's (1978) text comprehension and production

model that has been developed by J. Miller and Kintsch (1979).

Success in adequately simulating recall protocols taken from

subjects who skimmed the stories would support the general

I
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validity of the model and would point out those aspects of
processing that are common to normal and skimming rates of
reading. The parameter values associated with successful
simulations would also provide useful information about how
reading processes change as reading moves from normal rates of

speed to skimming.



CHAPTER I!

EXPERIMENT 1

The major purpose of Experiment 1 was to establish the

validity of methods of studying skimming behavior. In this first

experiment a naturalistic setting for skimming stories was sought

so that test performance could be compared to performance in

experiments that included more stringent experimental control

during reading. In particular, subjects were provided with

stories to read and were requested to read either at the rate

they would normally use for full comprehension or at a rate that

they woula use to skim a story for important infcrmation. TW

drawbacks to this method are that different subjects can, and no

doubt will, read at widely different rates when reading for any

particular purpose (e.g., full comprehension), and that in order

to keep track of these differences and to be sure that subjects

who are asked to skim do, in fact, read faster than those asked

:o read for full comprehension it is necessary to obtain reading

time measures for each subject. In Experiment 1 reading times

were collected by having subjects start and stop a stopwatch at

points coinciding with the beginning and completion of reading a

story. In this ay each subject's reading time for each story

could be measured and a subject would be allowea to read in a

manner and at a rate to which he or she was accustomed. Two

practice stories were read before the stories that were to be

tested so that subjects could adjust to the requirements of the
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reading and timing tasks. The use of the stopwatch might ha~re led

to some dist"action on the subject's part and in order to

determine subjects' attitudes toward the experimental situation,

including use of the stopwatch, a questionnaire was administered

at the end of the session which inquired as to subjects'

reactions to the experimental setting. The questionnaire also

requested information about subjects' skiing benavior outside

the laboratoiy with the expectation that such information could

hb informative with respect to usual skimming habits and the

degree to which the sample population of c-,bjects uses skimming

as a reading technique.

Another aspect of the experimental methodology that

Experiment 1 was meant to validate was the recognition testing

procedure. Before moving on to more complex experimental designs

it was importa'. to establish that the recognition tests of

meaning and surface structure memory were sensitive measurement

devices. It was also highly desirable to demonstrate that the

various types of test statements (inference, macrostatement, and

microstatement) did, in fact, reflect different levels of

macrostructure information (Kintsch & van Dijk, 1978). Moreover,

Experiment 1 was intended to establish a basic pattern of test

performance against which performance in more highly controlled

experiments could be compared.

The recognition test consisted of two parts, the first of

which tested surface memory and the second tested memory for

me
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had appeared in the stories and their paraphrase versions and

subjects were required to indicate whether a test statement's

wording was the same as that used in the story. The first and

last critical stories read by subjects were tested, with the last

story tested first, so that the effects of a delay interval on

surface memory could be assessed. The meaning test included all

three statement types drawn from the stories not tested in the

surface test. In both tests, added sensitivity was obtained by

measuring the time taken to respond to each test statement.

A critical experimental outcome that would have implications

for the process and effectiveness of skimming is the nature of

the interaction between rate and statement type in the meaning

test. Previous research (Caccamise & Kintsch, 1978; Johnson,

1970; Kintsch & Keenan, 1973; McKoon, 1977) suggests that the

more important test statements (inferences and macrostatements)

should be recognized more often than the unimportant ones

(microstatements). Differential recognition would imply that a

story has been processed with respect to a story structure schema

and that a macrostructure (Kintsch & van Dijk, 1978) has been

formed and represented in memory. A key question is whether or

not the processes involved in forming a structured memory

representation of a story are operative during skimming, and, if

so, to what extent their operations are similar to those used in

normal reading. Assuming that differential recognition of

statements due to differing degrees of importance is observed

among subjects reading at normal rates, indicating that a story

T
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structure schema has guided reading, there are three possible

effects that could be observed among subjects who skim stories.

First, if the Drocesses responsible for forming a macrostructure

do not operate " ectively during skimming, then no effect of

statement types would be observed in the recognition of meaning

test. Subjects would be equally likely to recognize inferences

and macro- and microstatements. A second possibility is that

reading processes operate in skimming similar to the way they do

in normal reading, and that one should observe better recognition

of important statements than of unimportant ones, although

overall recognition performance may decline (i.e., no statistical

interaction between rate and statement type. That is, enough of

the essence of macro-operations is preserved so that important

information is selectively processed but sampling of information

from the text is generally reduced. Finally, -hen skimming the

process of extracting important information may be emphasized to

such a degree as to cause subjects to form a macrostructure that

contains an unusual proportion of macrostatements relative to

detail information. The corresponding result on the recognition

of meaning test would be an increased difference between

important and unimportant statements relative to the difference

observed among subjects reading at their normal rates. This is

the type of interaction that McConkie et al. (1973) found among

subjects reading up to 300 wpm. It is not certain that such an

effect would occur when faster rates such as skimming are used,

although a common impression of the purpose of skimming is that
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skimming is used to derive the important information from a story

and skip over inimportant details. if this selective processing

strategy is feasible and highly accurate in its selection

decisions, then an interaction between rate and statement type

should occur in which the importance effect is greate.- for those

subjects who skim than for those who read at normal rates.

A result related to the importance effect is recognition of

(important) inferences relative to macrostatements. hhile both

are important to a story' s macrostructure, only the

macrostatements are explicitly stated in a single location in the

story. Nevertheless, there is abundant evidence arguing in favor

of the belief that readers do not process only explicit

information but also draw and represent in memory relevant

inferences based on explicitly presented information and general

knowledge (C. Frederiksen, 1975b; Kintsch 1974; Reder, 1979;

Thorndyke, 1976). For example, McKoon and Keenan (reported in

Kintsch, 1974, Chapter 8) found that time required to verify

inferential statements was not reliably greater than verification

time for explicitly presented statements once the effectiveness

of surface structure information in aiding verification declined.

Not only are inferences represented in text memory, they are

apparently integrated with explicitly presented information

(Bransford & Franks, 1971; Moeser, 1976, 1977) and can be used to

aid in the verification (Reder, 1979) or recall (Masson, 1979) of

explicitly presented information. If an inference is an important

aspect of a story's macrostructure it should be included in that

A
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macrostructure representation and recognized just as well as

macrostatements. In order to verify an inference, however, a

subject must have processed the relevant pieces of information

(and possibly have already drawn the inference) as part of the

macrostructure while reading (Hayes-Roth & Walker, 1979; Reder,

1979). The process of skimming must allow the reader to

efficiently select and organize sometimes physically separated

but semantically related f.,"ormation to form an important

conclusion. To the extent that such processing is practicable,

recognition of inferences should be about as reliable as

recognition of macrostatements and should be almost as rapid if

subjects have formed adc-,uate con igurations of the underlying

facts of an inference (Hayes-Roth & Walker, 1979).

When skimming, the processing of surface structure Js

hypothesized to play a different role than when reading normally.

Subjeets are less likely to fully process a sentence's complete

surface representation when skimming. It is more likely that

subjects will select certain relevant aspects of a sentence for

further semantic processing with little attention paid to the

surface features of even the selected portions of a sentence.

Less processing of surface information is expected on the basis

of highly active conceptually driven processes which can make

accurate predictions at least at general levels. Complete

checking of the surface details is not necessary, nor is it

feasible, when skimming. Decreased processing of surface

structure is expected to produce a general decline in recognition
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of surface information. Whereas subjects reading at normal rates

may remember more about the surface structure of more important

statements, a much weaker effect, if any, would be expected for

subjects who skimmed the stories.

Two types of stories were used in an attempt to obtain more

generalizable results and to determine which aspects of

comprehension and/or memory representation are susceptible to

effects of processing in the context of different story structure

schemata. Narrative and newspaper stories were chosen as two

distinctly different and familiar styles. In his recent work,

Thorndyke (1979) has suggested that different story schemata may

exist for different types of stories. If this is so, it is

especially important to discover those aspects of normal reading

and skimming processes that are generalizable across different

kinds of stories.

Method

Sub iects

Subjects in the experiment were 72 students at the

University of Colorado participating in partial fulfillment of an

introductory psychology course requirement. Thirty-six subjects

were assigned to each of the two reading rate conditions

according to their order of appearance at the laboratory.

A 500-word narrative story was selected for use in obtaining

a preliminary reading rate score for each of the subjects. Four

- -- _
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other report style narratives of about 1000 words each and four

newspaper stories, each of about 400 words in length, were

selected for use in the experiment proper. rhree stories of each

type were used as critical stories and a set of test statements

was developed for each critical story. A set of test statements

was developed by selecting from a story, statements (whole or

partial sentences) that intuitively appeared to vary in their

degree of importance for the general meaning of the story. Some

statements were meant to be important and others unimportant. A

third type of statement was developed by drawing reasonable and

apparently important inferences from specific points in the story

and writing these inferences in proper English. Six to eight

statements of each type were developed for each story.

Intuitions about the relative degree of importance of the

selected statements were evaluated by having a separate group of

subjects from the introductory psjchology subject pool provide

importance ratings. Twenty-seven subjects read each critical

narrative and then evaluated each statement in its corresponding

set of selected statements for importance to the general meaning

of the story. A six-point rating scale was used where a rating of

one meant a statement was unimportant and a rating of six meant a

statement was very important. Similarly, a set of 28 new subjects

read each newspaper story and evaluated the corresponding

selected statements.

Based on the mean importance rating for each statement in a

set of selected statements, a set of test statements was chosen.

F-
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The three most highly rated statements that explicitly appeared

in the story were chosen as true macrostatements for the test

set. The three explicit statements receiving the lowest ratings

were chosen as true microstatements. The three most highly rated

inferences were included in the test set as true inferences.

Selections sometimes were not solely determined by ratings but

also by degree of similarity between statements. For example, if

two highly rated statements represented very similar information,

only one was selected for the set of true statements.

From the remaining statements, the three explicit statements

with the highest ratings were selected for the false

macrostatement test set. The three explicit statements with the

lowest ratings were chosen for the false microstatement test set,

and the three most highly rated inferences were selected for the

false inference test set. Each of the six explicit statements

selected for the false test set was rewritten in two new

versions. One version was a paraphrase of the original statement

that altered the lexical and syntactic structure of the original

statement. Statements with this version were used in the surface

memory test. The second version was syntactically similar to the

original statement but was altered in some way so as to make the

new statement semantically false with respect to the original

statement. Statements with this version were used in the memory

for meaning test. Each of the three inferences selected for the

false test set was rewritten in a new version that semantically

differed from the original inference and implied something that
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would be incorrect with respect to what had been stated in or

could be inferred from the story. These inference versions were

used in the memory for meaning test.

Thus, 24 test sentences were developed for each critical

story. Three macrostatements, three microstatements, and three

inferences formed the true set. Three statements of each type

were used as false statements in the meaning test and three

statements of each explicit type were used as paraphrases in the

surface test. An example of a narrative story and the

corresponding set of test sentences and an example of a newspaper

story and its test statements are presented in Appenaix A. The

mean importance rating and mean number of words for each type of

test statement are shown in Table I. Note that inferences are

almost as highly rated as macrostatements and that newspaper test

statements are generally shorter than the narrative test

statements. Importance ratings for the twc kinds of false

statements (new meaning and paraphrase) are tae same since the

ratings are based on the original explicit version. No paraphrase

versions of inferences were developed as inferences were not

included in the surface test.

The six critical and two practice stories were typed single

spaced, right and left justified, on separate pages and headed by

appropriate titles. The stories were arranged in booklets so that

the two practice stories occurred first and the critical stories

next. For three of the booklets the practice narrative occurred

first, followed by the practice newspaper story, the three

77 Mr,
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TABLE I

MEAN RATED IMPORTANCE OF AND NUMBER OF WORDS IN
TEST STATEMENTS USED IN EXPERIMENTS I AND 2

Story Test Version Importance Ratings Number of Words

Statement Typea

Inf. Mac. Mic. Inf. Mac. Mic .

Narrative Old/Verbatim 4.69 4.31 3.05 16.8 15.9 15.4
Narrative New 4.00 4.26 3.46 15.6 18.0 16.0
Narrative Paraphrase -- 4.26 3.46 -- !,,.4 16.9
Newspaper Old/Verbatim 4.87 4.97 2.68 12.2 13.0 13.2
Newspaper New 4.11 4.21 3.21 14.0 13.6 14.3
Newspaper Paraphrase -- 4.21 3.21 -- 13.4 14.8

aInf. = Inference; Mac. = Macrostatement; Mic. Microstatement

~-~7r- p. - - ~ ---- ~---~-=-=- 7- - - - ---
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critical narratives, then the three critical niewspaper stories.

Each of these three booklets represented one ordering of the

critical stories determined by a 3 X 3 Latini square yoked

coun terbalano ing of the critical narratives and newspaper

stories. The other three booklets were similarly arranged except

that the narratives and newspaper stories switched positions so

that the newspaper stories occurred first. A blank sheet of

colored paper was inserted before each story.

For the meaning test a 2 X 2 X 3 mixed factorial design was

used. Headizg rate (normal and skimming) was a between-subject

variable, while story type (narrative and newspaper) and

statement type (inference, macrostatement, and microstatement)

were within-subject variables. For the surface test a 2 X 2 X 2

mixed factorial design was used. All three variables were the

same as in the meaning test except that the statement type

variable included only two levels (macrostatement and

microstatement).

Subjects participated in small groups ranging in size from

one to six. As each subject entered the laboratory he or she was

instructed to read the 500-word practice narrative story at the

rate he or she would use in reading for full comprehension.

Subjects were provided a copy of the story and a stopwatch. They

were instructed to start the watch when they began reading and to

stop the watch when they finished reading. The reading time for



each subject was recorded by the experimenter who then reset the

stopwatch for each subject and collected the stories. Once all

subjects in the group had finished the preliminary reading task,

each subject was given a booklet containing instructions and a

set of practice and critical stories. For subjects in the normal

reading rate condition the experimenter instructed subjects to

read at their individual normal rates of speed md to try to

comprehend the meaning of the stories. Subjects were asked to try

to maintain a constant reading rate. Subjects in the skimming

condition were similarly instructed and were asked to use a

skimming rate that they might ordinarily use on their own and to

try to extract the important information from each story. The

experimenter then had the subjects read the instructions on the

cover of the story booklet. These instructions explained that the

subject would be asked to read a set of stories at the specified

rate of speed and would then be tested on the material contained

in the stories. Reading for meaning rather than memorization of

material was stressed. The instructions also described the types

of stories contained in the booklet and explained that the

experimenter would record the time taken to read each story as

was done for the preliminary story.

After reading the instructions in the booklet and having any

questions answered, subjects went on to read the stories,

starting and stopping a stopwatch in accordance with the onset

and completion of the reading of each story. After reading each

story the subject turned to the next blank page. The experimenter



63

recorded the reading time for each subject and story, reset the

watch, and the subject proceeded to the next story.

Once all subjects completed reading the whole set of

stories, they were told that they would next be given a short

test on their knowledge of the stories they had read. Each

subject was assigned to a CRT terminal in a room adjoining the

main laboratory room. There were two terminals facing opposite

walls in each room. The instructions for the test and the test

items were presented and the subjects' responses and reaction

times were recorded using the DTES system developed by the CLIPR

laboratory at the University of Colorado (Spear, Overgard, &

Christian, 1975). The subject began the test by viewing the first

part of the instructions on the terminal, then advanced through

the instructions by pressing a button on a button box located in

front of the terminal. The first part cf the test involved a test

of surface memory The instructions on t.e screen informed the

subject that the first part of the test would be concerned with

how well he or she remembered how statements from the stories

were worded. The subject was told that some statements would be

presented in their original verions, while others would be worded

differently. It was also explained that for some statements

pronouns would be replaced by the original proper nouns so that

the subject would have a better idea of what the statement was

about, but that if this was the only change the statement should

be considered as being presented in its original form. The

subject was instructed to keep his or her left index finger on
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the button marked "$A.E," which was to the left of center on the

button box, and his or her right i, dex finzer on the butten

marked "DIFF" for "different," which was to t-e right of cen-ter.

If a test statement was worced in -what the subject thought waC

the original version, the subject was told to respond by pressi:g

the button marked "SAMME." If - test statement appeared to be

worded differently, the subject was to press the button marked

"DIFF." The instructions requested the subject to respond to each

item as rapidly as possible but cautioned that it was very

important to be reasonably sure of the correctness of a response

before making it. The subject also was told that the test would

have two sections, one devoted to statements from each of two

different stories.

Each set of test statements was preceded by a display that

presented the title of the appropriate story. khen the subject

was ready to proceed he or she initiated the test by a button

press. The test statements appeared individually in random order

and remained on the screen until the subject responded. The

screen was blank for about I see between each test statement. The

first story tested was the story that appeared in the last

position in the story booklet, and the second story tested was
4-h

t..e first critical story read by the subject. Over the course of

the experiment each of the six orderings of stories was read by a

different set of six subjects in each of the reading rate

conditions. Thus, each subject was given the surface memory test

on one narrative and on one newspaper story. Also, for half of
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the subjects the narrative story was tested relatively soon after

reading, while the newspaper story was tested after a number of

intervening stories had been read. The reverse was true for the

other half of the subjects. The ordering of stories in the

booklets also weant that the specific stories tested for surface

memory were counterbalanced across subjects.

After the subject finished the surface memory test,

instructions for the meaning test appeared on the screen. The

instructions indicated that the next part of the test phase would

be concerned with how well the subject could remember the meaning

of the stories that were read. The subject was told that some of

the statements would represent information contained in or that

could be inferred from a critical story, while other statements

would contain information that would not be consistent with what

was said in a story. The subject was to respond to the forwer

type of statement by pressing the button marked "SAME" and to tle

latter by pressing the button marked "DIFF." Instructions about

speed, accuracy, and placement of fingers were the same ao those

given for the surface test. The subject was also told that the

test would contain four sections, one for each of four different

stories, with the title of the appropriate story apearing before

each set of test statements. The procedure then followed the same

steps as chose desc-'ibed for the surfa3e test. The four stories

tested were the second, third, fourth, and fifth criticai

stories, none of which were represented in the surface test for

that subject. The four stories were tested in the order in which

| I

- "-t~=
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they had been read. Thus, each subject was tested for memory of

meaning on two stories of each type (narrative and newspaper).

When the subject finished the meaning test a message

appeared on he screen requesting him or her to return to the

main laboratory room. The subject then filled out a questionnaire

concerning skimming habits outside the laboratory, a ccmparison

of usual reading speeds and those used in the laboratory, an

estimate of how successful the subject was in extracting

important information from the critical stories, and history of

pos ble training in speed reading.

Results and Discussion

In all experiments to be reported, a statistical

significance level of .05 has been adopted. Except where noted,

all significant effects are reliable at least at that level.

Readin Tim

In order to demonstrate that subjects in the skimming

condition were, in fact, reading the critical stories at a faster

rate than subjects in the normal reading rate condition, an

anaiysis of variance of reading times was calculated. Each

subject's mean reading time for each story type was entered into

the analysis. The reading rate for narratives and newspaper

stories did not differ (F < 1), while there was a reliable effect

of reading rate condition with subjects in the skimming condition

reading faster (382 wpm) than subjects in the normal condition

(232 wpm), 1 (1, 70) 67.62, Sk 11932.

I|1 _ __ _ __ _ _ __ _ _ _ _ __ _

-4,-- -----
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It is clear that instructing some subjects to skim resulted

in faster reading rates than that exhibited by subjects

instructed to read at a normal rate of speed. These mean reading

speeds should be interpreted cautiously, however. A good deal of

variability in reading speed was observed as the skimming rate

for one subject might have been slower than the normal rate for

another. What is important is how a subject's reading rate in the

experiment (normal or skimming) compares to what the subject does

when reading on his or her own. The questionnaire administered to

each subject at the end of the experimental session was designed

to deal with this and other issues.

The questionnaire that each subject filled out at the end of

his or her session addressed two basic issues. The first issue

was concerned with subjects' skimming behavior outside the

laboratory and the second was concerned with subjects' reading

performance in the experiment. With respect to skimming outside

the laboratory, subjects were first asked to estimate the

percentage of their total reading time that is taken up by

skimming. The mean estimate for time spent skimming was 32%, with

a range of 0-90%. Next, the subjects were asked to indicate what

type of material they skim on their own. The most commonly

mentioned materials were newspapers and magazines, and 44% of the

surjeets claimed that they skimmed at least one of these two

kinds of material. interestingly, 12% of the subjects stated that

they skimmed some parts of their college work materials (notes,
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texts, etc.). Other materials mentioned idiosyncratically

included lists, numbers, familiar material, and material read for

personal enjoyment.

To obtain an estimate of n6 successful subjects believe

they are when they skim material on their own, they ;e.. asked if

they felt that they are generally able to extract the important

information in a story when they skim. Replies were interpreted

on a four-point scale where a rating of zero meant that the

subject felt that he or she was not able to select important

information while skimming, and a rating of three meant that the

subject felt that he or she was quite successful. A mean rating

of 1.96 was observed for the subjects in Experiment 1, indicating

a relatively high degree of confidence.

Subjects also were asked if they had had any training in

speed reading and 15% of them indicated that they had received

some form of training. The nature of this training ranged from

high school courses in reading improvement to current commercial

speed reading programs. The subjects who had receive training

displayed a greater degree of confidence in their skimming

abilities as their mean evaluation rating was 2.36 compared to

the overall mean of only 1.96 for all subjects in Experiment 1.

With respect to the experiment and the reading rate that the

subject was instructed to use, each subject was asked if he or

she was able to read the experimental materials as he or she

ordinarily would read such stories outside the laboratory. For

subjects in the normal reading rate condition, 61% indicated that
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they were able to read as they normally would, 28% indicated that

they read at least slightly faster than they ordinarily would,

and 11% claimed that conditions forced them to read at a somewhat

slower pace than normal. For subjects in the skimming condition,

42% stated that they were able to skim as they would on their

own, 47% indicated that they read faster than they ordinarily

would skim, and 11% stated that they read at a rate -- low thcir

usual skimming rate. Subjects in the skimming condition also were

asked if they felt that they were able to extract the important

information from the stories read in the experiment. Responses

were interpreted using the same scale as that used for the

question about success in extracting important information when

skimming outside the laboratory. The mean rating assigned to

these responses was 2.14.

In general, the questionnaire revc-led that subjects spend a

significant portion (almost one third) of the time they devote to

reading on skimming through material. Skimmed material ordinarily

consists of newspapers, magazines, and other information for

which an individual is not formally held responsible. It is also

interesting to note that a nontrivial proportion of the subjects

use skimming when dealing with some aspect of their college work.

This fact, taken in conjunction with a relatively high degree of

confidence demonstrated by subjects in their ability to select

important information while skimming, indicates that college

students believe skimming to be a viable and practiced form of

reading. Few subjects have received any formal training in speed
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reading and, therefore, appear to have developed the ability to

skim through experience with normal reading.

The subjects appeared to have reacted well to having their

reading processes placed under experimental observation. For the

most part, subjects claimed to be able to maintain their usual

reading paces (normal or skimming) with a tendency, especially

among subjects in the skimming condition, to read faster than

usual. Relatively few subjects claimed to have had their reading

rates slowed by being in the experiment. Subjects in the skimming

condition maintained their relatively high degree of confidence

in their ability to skim for important information when

questioned about how successful they felt in their attempts to

skim the experimental materials. The subjective reports about

being able to maintain usual reading habits is important in two

respects. First, they make generalization of experimental results

to usual reading conditions more credible. Second, the reports

indicate that a reasonable degree of success may have been

achieved in placing skimming processes under experimental

observation, supporting the validity of the reading time results

described above. Not only did the subjects in the skimming

condition read faster than those in the normal condition, but

they claimed that they were, in fact, skimming as they would on

their own. It is important to be able to establish with some

degree of confidence that subjects were reading normally or

skimming as they ordinarily might before moving on to a

discussion of the more theoretically meaningful results of the
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experiment. We are now in a position to interpret the remaining

empirical results in a context that is applicable beyond a

laboratory setting and that is representacive of cognitive

processes involved in normal reading and skimming behavior of

college students.

Memor for Meanin

Recognition performance. Subjects' ability to recognize the

meaning of test statements that explicitly appeared in or could

be inferred from one of the critical stories was characterized in

two ways. First, the proportion of hits and false alarms for each

statement type for both kinds of story were calculated for each

subject. The mean proportion of hits and false alarms are

presented in Table II. The second characterization of recognition

performance involved calculating d' scores for every pair of hit

and false alarm rates for each subject. In calculating the d'

scores, when a hit rate of 1.0 was encountered it was transformed

into a more realistic value by using the estimate 1-(/(2N)),

where N was the total number of hits possiole. False alarm rates

of 0.0 were transformed into realistic values by using the

estimate 1I(2N), where N was the total number of false alarms

possible. These estimates have the desirable property of

providing a probability value that lies between 1.0 for hits or

0.0 for false alarms and the probability obtained when just one

miss or false alarm, respectively, occurs. Furthermore, a hit

rate of 1.0 or a false alarm rate of 0.0 should be considered a

more reliable result when more items are involved (i.e., when N
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TABLE II

MEAN HIT AND FALSE ALARM RATES ON MEANING TEST IN EXPERIMENT 1

Story Type Reading Statement Typea

Rate

Inf. Mac. Mic.

Hit FAb hit FA Hit FA

Narrative Normal .89 .12 .90 .12 .87 .24
Narrative Skim .85 .19 .86 .16 .78 .30
Newspaper Normal .88 .12 .87 .12 .78 .23
Newspaper Skim .76 .21 .86 .20 .71 .33

aInf. = Inference; Mac. Macrostatement; Mic. Microstatement

bFA = False Alarm

( ______
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is large). The term !/(2N) reflects tgis consideration, assigning

higher bit rate estimates (approaching 1.0) and lower false alarm

estimates (approaching 0.0) as N increases. The d' scores for

each subject were used in the formal analyses of recognition

performance as they reflect a consideration of both bit and false

alarm rates.

The mean d' scores for recognition of statements in the

meaning test are presented in Figure 1. An analysis of variance

of the d' scores was carried out, including story and statement

type as within-subject variables and reading rate as a

between-subject variable. The analysis indicated that subjects in

the normal reading rate condition had higher d' scores (1.97)

than subjects in the skimming condition (1.60), & (1, 70)

14.40, MRe = .870. Subjects were better able to recognize

statements from the narratives (1 .87) than from the newspaper

stories (1.70), F (1, 70) = 8.39, ,S .830. The effect of

statement type was also reliable, £ (2, 140) 41.84, 10 = .339.

A Neuman-Keuls test indicated that recognition of inferences

(1.91) and of macrostatements (2.01) did not reliably differ,

while recognition of either of these twi statement types was

reliably greater than recognition of microstatements (1.43). None

of the interactions were significant (Fs < 1.5).

The reading time results indicated that subjects instructed

to skim did, in fact, read faster than subjects instructed to

read normally and this effect was further reflected by reduced

recognition performance among subjects in the skimming condition.

P- 7_______
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The faster reading rates led to reduced comprehension, as

measured by the recognition test used here, and as expected from

the review of research presented in Chapter I. More interesting

than the quantity of comprehension are the qualitative aspects of

comprehension. One of the results that represents the quality of

comprehension is the statement type effect. As predicted by

theories of macrostructure (Kintsch & van Dijk, 1978; Mandler &

Johnson, 1977; Thondyke, 1977), the important inferences and

macrostatements were more reliably recognized than

microstatements. The failure to find a significant difference

between recognition of inferences and macrostatements attests to

the fact that development of a macrostructure is not completely

stimulus-bound, but relies on the reader's background knowledge

and ability to draw relevant conclusions (C. Frederiksen, 1975b;

Hayes-Roth & Walker, 1979; Kintsch, 1974; Kintsch & van Pijk,

1978).

No interaction between rate and statement type was observed,

indicating that the processes responsible for producing a

macrostructure representation of a story when reading at normal

rates were not cmpletely abandoned when skimming. Some essential

aspects of macro-operations were in effect during skimming, but

subjects were not, able to strictly adhere to the usual

macroprocessing operations as recognition performance on both

important and unimportant statements declined significantly and

to the same extent. Were macro-operations in full effect, one

would expect to observe no decline in recognition of

i-m_ _ _ _
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macrostatements and inferences while recognition of

microstatements would decrease severely. Nor, however, was the

distinction between important and unimportant information

diminished to any extent. It is clear that subjects who basically

have taught themselves to skim can effectively select important

information from stories. Memory representations of stories that

are skimmed are not comprised of equal amounts of important and

unimportant information. At least a rough, incomplete

macrostructure is preserved when subjects skim at moderate

rates: processing does not deteriorate to a random selection of

pieces of information. The reliably greater recognition of

inferences than of microstatements is maintained even when

stories are skimmed, suggesting that wile skimming subjects are

able to draw together enough partial information found in

different parts of a story to form at least some of the important

conclusions.

Even though recognition of statements drawn from narratives

was greater than recognition of newspaper story statements,

exactly the same pattern of reading rate and statement type

effects were observed for both rinds of story. Thus, while

subjects may be more interested in or have more background

knowledge about narratives, their ability to form story

macrostructures when skimming or reading at normal rates is quite

good when reading newspaper stories as well. Whatever differences

exist between newspaper and narrative story schemata, subjects

are able to use these schemata to shape a reasonably accurate
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macrostructure representation of either kind of story. The

processes involved in forming a macrostructure appear, therefore,

to be general across a number of different kinds of stories.

Reaction time for hils. The time taken for a subject to

respond to each test statement was recorded by the computer

system used for the test phase of the experiment. For each

subject a mean reaction time was calculated for each combination

of response and statement type. These means were adjusted in the

following way to account for unduly long reaction times. If a

subject's mean reaction time was based on one, three, or more

responses (depending on how many times the subject responded in a

certain way to statements of a particular type) and if that mean

exceeded 15 see, then the mean was changed to 15 sec. If a mean

was based on exactly two responses and if one or both values

exceede 15 sec, the mean was recalculated with the excessive

value(s) adjusted to 15 see. These adjustments were made for all

reaction time categories in Experiment 1. In cases where a

subject made no responses of a particular type that subject was

assigned the mean reaction time of the appropriate type for his

or her condition.

The mean time taken to correctly verify each statement type

in Experiment 1 is prosented in Figure 2. An analysis of variance

of the reaction times for hits was carried out with reading rate

(normal and skimming) as a between-subject factor and story type

(narrative and newspaper) and statement type (inference,

macrostatement, and wicrostatement) as within-subject factors.

I
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Only two effects were reliable. Newspaper story statements were

verified more quickly (4.728 sec) than narrative statements

(5.792), £ (1, 70) = 48.72, .e = 2.506. Story and statement type
.2

interacted, f (2, 140) = 3.39, ha z 1.529, indicating that the

pattern of reaction time to the different statement types varied

as a function of story type.

The interaction of story and statment type probably was due

to differences in materials and no reliable conclusions about

processing differences can be drawn from this effec'. Tht same

can be said for the main effect of story type, especially since

statement lengths for the two types of stories differed so

markedly. The effects or greatest interest in the analysis of the

reaction time data are reading rate and its interactions with

other variables. Nore of these effects approached significance in

the reaction time data for hits. Subjects who skimmed the stories

were just as swift in verifying true statements as were those who

read normally. Different types of statements did not require

greatly different response times and the pattern of what small

differences there were was maintained across reading rate. These

results suggest that the memory representation resultJ.ig from

skimming is about as well orgaized as that resulting from normal

reading. Of course, a representation based on skimming storiesq

contains less accurate information as witnessed by reduced

recognition performance.

Jea-tioU tim for correct rections. Reaction time data

were prepared for correct rejections in the same way as they were

n I
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for hits. Mean reaction times for correct rejection of different

statement types are shoan in Figure 3. An analysis of variance of

these data indicated that correct rejection of newspaper

statements book reliably less time (5.055) than did correct

rejection of narrative statements (6.211), f (1, 70) = 65.96, 1&

2.190. The three statement types differed in time taken for

correct rejectin, F (2, 140) = 10.33, UIe  - 1.634. A

Newman-Keuls test found reection time for microstatements (5.796)

and macrostatements (5.863) O!d not reliably differ, but both

were significantly greater than reaction time for inferences

(5.240). There was also a significant interaction between story

type and statement type, .E (2, 140) = 5.14, I = 1.233. In order

to interpret this interaction and its implications for the main

effect of statement type, separate analyses of variance were

conducted of the data from narratives and newspaper stories. The

analysis of reaction times for narratives found only a main

effect of statement type, £ (2, 140) = 5.63, M 1.831. A

Newman-Keuls test found that time taken to reject false

microstatemencs (6.1143) and inferences (5.872) did not reliably

differ while both took less time than rejection of

macrostatements (6.619). The analysis of rejection time for

newspaper statements showed that subjects in the normal reading

rate condition tended to take more time to reject statements

(5.382) than dia subjects in the skimming condition (4.728),

£E (1, 70) = j.94, M = 5.879, R < .06. Rejection times for the

different statement types were reliably differ.nt, E (2, 140)
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12.46, Ii e  1.036, with a subsequent Newman-Keuls test

indicating that microstatements required the longest time

(5.450), macrostatements required significantly less time

(5.108), and inferences were rejected reliably more quickly

(4.608) than 3ither of the two explicit types of statements. A

reliable interaction between rate and statement type, f (2, 140)

3.46, M = 1.036, indicated that the effects of statement type

diminished when subjects skimmed as compared to when stories were

read at normal rates.

A general finding that was consistent across both story

types was that inferences were rejected more rapidly than either

of the explicit statement types. This finding may be due to

uninteresting differences in materials (e.g., statement length),

but its consistency saggests that subjects are able to reject

inferences rapidly because the critical information represented

in these statements is quite discrepant from anything stated in a

story. False statements based on explicitly stated information

contain enough accurate information (semantic and surface) to

force a more careful memory search before rejection ai, be made

with confidence. Another general trend is for correct r-,jection

reaction times to be longer than reaction times for hits,

probably due to the more exhaustive examination of memory

representations required in the former case. The data from

newspaper stories provided some additional information. The

tendecy for subjects in the skimming condition to more rapidly

reject false statements may stem from the possibility that memory

i

I
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representations that result from skimming a story are not as

detailed or elaborate as those that result from normal reading

and, hence, can be searched more quickly. It is also poszible

that the subjects who skimmed stories acquired a speeded reading

set and had a tendency to respond faster in some cases becau.se of

that set (Kieras, 1974). Finally, the decrease in differences

between statement types as reading rate inoreased revealed that

there may be somewhat less distinction of important, unimportant,

and inferred information when skimming. This explanation i.s a

very tenuous one, however, as the effect did not occur for

reaction times for hits nor for correct rejection of narrative

statements. Also, the effect may have been due to a speeded

reading set since it occurred under the same conditioais that

indicated the possible existence of a speeded reading set during

the test.

Reaction time for false alarms. Time taken to make false

alarms was analyzed in the same way as other types of reaction

time data. Mean false alarm reaction ti:nn are presented in

Figure 4. An analysis of variance found that subjects in the

normal rate condition took more time in making false alarms

(7.139) than subjects in the skimming condition (5.690),

1 (1, 70) = 21.15, Me  10.724. False alarms to newspaper

statements were made more swiftly (5.535) than to narrative

statements (7.295), f (1, 70) = 92.03, &a 3.638. The main

effect of statement type was reliable, Z (2, 140) 3.57, M

3.794, and a Newman-keuls test indicated that only

- -f- ~
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macrostatements (6.710) azid inferences (6.098) differed reliably,

while microstatements (6.436) were not significantly different

from either of the other two types of statement. All three main

effects must be interpreted in light of significant interactions.

Rate and statement type interacted, F (2, 140) = 5.49, --e

3.794, and the three-way interaction involving rate, story and

statement type was also significant, _F (2, 140) = 3.76, S -

3.394. The general interpretation of these interactions,

supported by subisidiary analyses of each story type, is that

statement types differ in false alarm reaction times among

subjects in the normal rate condition and these differences are

reduced and overall reaction time is lower among subjects in the

skimming condition. Story type enters the interaction because the

o.dering of statement types differs across the two stories.

False alarms on macrostatements consistently take longer

than on inferences for subjects in the normal rate condition.

Assuming that this effect is not an artifact of materials, it

suggests that the subjects may have more knowledge about the

explicitly stated macrostatements that must be checked before

acceptance or rejection can occur, while for inferences a false

alarm may occur more rapidly because the test statement

represents an inference that the subject must draw and find

credible because some piece of contradictory information is not

available in memory or because the subject had previously drawn a

related incorrect inference. The reactio., time differences are

virtually eliminated when subjects skim and, as with correct

77 i7
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rejections, this may by due to a less differentiated, less

surface structure oriented representation, or to the

establishment of a speeded reading set that obscures the subtle

differences among statement types.

Reaction time for misses. The reaction time data for

subjects' incorrect rejection of true statements was prepared in

the same way as the other reaction time data. The mean time taken

for misses is presented in Figure 5. An analysis of variance was

done and it was found that the normal rate condition had longer

reaction time (6.790) than the skimming condition (5.913),

F (1, 70) = 10.13, M 8.199, and that newspaper statements

were responded to fastei (5.637) than narrative statements

(7.067), .E (1, 70) = 71.61, Me = 3.084. There were also two

significant interactions. Rate and statement type interacted,

.E (2, 140) = 7.34, e = 4.377, and the interaction involving

rata, story and statement type was reliable, . (2, 140) = 4.09,

-- e = 4.493.

The main effects observed in the analysis of reaction time

for misses were consisten. th those found in the analyses of

other reaction time measures. The interactions, however, are less

interpretable. Because of rather high hit rates, very few misses

were made and for a p-ticular statement type about half the

subjects missed no statements and, therefore, did not contribute

data to the reaction time analysis. The replacement of the empty

cells with the cell mean caused the pattern of results to be

heavily influenced by a few subjects' reaction times. especially

J -,
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extreme times. The statistical effect was to increase

within-subject variance (notice the mean-squared error value°

involving within-subject variables in the correct rejection and

hit analyses compared to values for within-subject effects in the

analysis of misses) and to greatly exaggerate differences between

within-subject means, such as statement type. That the

significant interactions may be due to statistical a,,tifact must

be considered a strong possibility. The winterpretability of the

interactions increases suspicions about their validity.

mo for Surface Structure

Recoitivn performance. Recognition of the surface

structure of statements contained in the critical stories was

analyzed by calculating the hit and false alarm rate for each

subjec.'s performance on each type of statement. The mean hit and

false alarm rates are presented in Table iII. A d' score for each

subject's performance on each statement type was calculated as

was done for recognition of meaning data. The mean d' scores are

shown in Figure 6. Also shown in the figure are confidence

intervals for significance of difference from zero. The dashed

line represents the 99% confidence level and the solid line

represents the 95% confidence level. Means falling below these

cutoff points should be considered not significant from zero

(chance performance) with the appropriate degree of confidence.

These confidence criteria were based on the error estimates

obtained from an analysis of variance of the d' scores. The

analysis was originally carried out including delay interval as a
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TABLE III

MEAN HIT AND FALSE ALARM RATES ON SURFACE TEST IN EXPERIMENT I

Story Type Reading Statement Type

Rate

Macrestatement Plicrostatement

Hit FAa Hit FA

Narrative Normal .68 .148 .70 .50
Narrative Skim .61 .56 .64 .149
Newspaper Normal .76 .5h4 .72 .42
Newspaper Skim .74 .58 .53 .49

aFA False Alarm
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variable but no consistent or interpretable effects due to this

factor were found and so it was not included in any of the

reported analyses of surface memory.

The analysis found a main effect of reading rate with better

surface memory d' scores for subjects in the normal rate

condition (0.48) than for subjects in the skimming condition

(0.19), £ (1, 70) = 8.52, Me = 0.686. None of the other eff.ect

were reliable, although the three-way interaction involving rate,

story and statement type approached significance, 1 (1, 70) =

3.13, -_e = 0/696, m < .08.

The fact that surface memory deteriorated when reading rate

was increased supports the hypothe-'s that subjects who skim

stories do not fully process surface structure, but apparently

rely on organization of partial knowledge obtained through highly

predictive processing of a story. While the statement type

differences observed at normal reading rates did not diminish (if

anything, they increased) when subjects skimmed stories, the

differences observed after skimming were primarily due to near

chance performance on one statement type and chance performance

on the other. The relative degree of surface memory for macro-

and microstatements varied as a function of story type and it is

unclear whether these variations reflect real and general

processing differences or artifacts of test stimulus selection.

The lack of high reliability of the three-way interaction

discourages elaborate speculation.

SReaci t±me IQr vfd U. Reaction time data were prepared and
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analyzed for the surface test data in the same way as the data

from the meaning test. The mean hit reaction times for the

surface test are presented in Figure 7. An analysis of variance

indicated that the effect of story type approached significance,

f (1, 70) = 3.21, -ke = 4.680, . < .08, with reaction time to

newspaper statements (5.739) less than narrative statements

(6.196). Microstatements were responded to more rapidly (5.751)

than were macrostatements (6.184), £ (1, 70) = 4.64, _Pk = 2.915,

and there was a tendency for reaction time among normal rate

subjects to be higher (6.350) than among subjects who skimmed

(5.584), f (1, 70) = 3.53, 1S = 11.990, p < .07. These last two

main effects must be interpreted with respect to a reliable

interaction between rate and statement type, f (1, 70) = 9.45,

Ila = 2.915. As indicated in Figure T, the longer reaction time

to macrostatements decreased as reading rate increased from

normal to skimming.

1he effect of decreased reaction time during skimming could

reflect the same kind of speeded reading set as that implied by

the recognition of meaning reaction time data. The interaction,

however, implies that the surface memory distinction between

macro- and microstatements may have diminished as a result of

skimming. Certainly, the actual recognition performance

approached chance stten subjects skimmed and the reaction times

for correct verification of surface structure are correspondingly

not differentiated on the basis of importance. it is as though

subjects process surface structure to a very limited extent,
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Figure 7. Mean reaction time oil hits on surface test in
Experiment 1.
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regardless of importance. Once surface and semantic processing

have determined that a statement is important the semantic gist

is incorporated into the comprehension process with little

additional surface processing, and if the statement is

unimportant the gist is not further elaborated.

Reaction time for correct rejections. The mean reaction time

for correct rejections is shown in Figure 8. An analysis of these

times found that newspaper statements were responded to reliably

faster (6.773) than were narrative statements (8.030), F (1, 70)

14.85, Me = 7.671. Story and statement type were involved in

an interaction, F (1, 70) = 7.78, MS = 3.161, ani these two

variables further interacted with reading rate,_Y (1, 70) =

30.37, Me = 3.161. Once again, the differential statement type

effects may have been due to artifacts of differences in

materials or to some, as yet, obscure processing difference

between narratives and newspaper stories. In either case, the

differences that manifested themselves at the normal reading rate

were eliminated at the skimming rate, suggesting that skimming

processes do not strongly differentiate surface aspects of story

information in the resulting memory representation.

Reactio for false alarm . The mean reaction times for

false alarms made on different statement types are presented in

Figure 9. The analysis of these data revealed that normal rate

subjects took longer (7.149) in making false alarms than did

skimming subjects (6.227), j (1, 70) 4.82, -W 12.703, and

that newspaper statements were responded to faster (6.116) than
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test in Experiment 1.
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Figure 9. Mean reaction time on false alarms on surface test in
Experiment 1.
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narrative statements (7.261), . (1, 70) 17.70, Mg 5.336. The

main effecl of statement type approached significance, f (1, 70)

- 3.64, M e 3.764, .2 < .06, with reaction time to

microstatements (6.906) longer than macrostatements (6.470). Rate
and statemeat type interacted reliably, F (1, 70) = 5.08, Se .

3.764, and these variables also interacted with story type,

F (1, 70) = 6.12, M e = 4.594. Separate analyses supported the

impression obtained from Figure 9 that the three-way interaction

was due to the differential effect of skimming on reaction time

for macro- and microstatements. The general decrease in reaction

time observed for all other statement types was not found for

narrative microstatements. It may be that subjects who skimmed

were, for some reason, more cautious when responding to the

statements from narratives that representea less important

information and a speed-accuracy trade-off effect (Pachella,

1974) resulted. In fact, a review of Table III reveals that false

alarm rates increased as reading speed increased for all

statement types except narrative microstatements, which showed a

slight decrease. Except for this trade-off affect, a general

decrease in reaction time was apparent for false alarms just as

with other reaction time measures. The generality of the decrease

of reaction times wthen subjects skimmed is consistent with the

hypothesis that subjects who skimmed adopted a speeded reading

set. The set cotuld be diiered, however, y peed-sinuracy

concerns and a more cautious strategy led to longer reaction

times.
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Reaction time for misses. The mean time taken to incorrectly

reject a verbatim statement is shown in Figure 10. An analysis of

these reaction times found that normal rate subjects reacted more
slowly (7.132) than skimming subjects (6.319), £ (1, 70)

MS - 10.333. Newspaper statements were responded to more quickly

(6.325) than narrative statements (7.216), f (1, 70) = 12.61, KS

= 5.488. Rate and statement type interacted, 1 (1, 70) = 6.21,

-M~e = 4.198, and the interaction of rate, statement and story

type was reliable as well, F (1, 70) = 7.89, MS. 3.341. The

observed main effects were consistent with those found in

analyses of other reaction time measures. The interactions were

due to the lack of a decrease in reaction time of misses on

newspaper macrostatements as reading rate increased. As with

false alarm reaction times, a speed-accuracy trade-off appeared

to be operating. Table III shows that the hit rate for newspaper

macrostatements did not decrease with increased reading rate to

the same extent as for other statement types, particularly

newspaper microstatements. The cost of maintaining a relatively

high hit rate for newspaper macrostatements was a relatively high

reaction time. The reason why subjects selected for special

consideration the specific type of statement they did is a matter

of speculation.

Summary and Conclusions

The time the subjects required to read the critical stories

indicated that the instructions to read normally or to skim

Mt
I
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produced reliably different reading rates. Although a good deal

of variability between individuals was observed,

within-individual reading rates were remarkably consistent. The

results of the questionnaire suggested that usual strategies of

normal reading and skimming were, for the most part, maintained

in the experiment. both of these reading strategies appear to be

centered around the formation of a macrostructure as a memory

representation of information explicitly presented in and

inferred from a story. The formation of a macrostructure is

common to both narratives and newspaper stories, and was

evidenced by superior recognition performance on macrostatements

and inferences relative to microstatements. Memory for meaning

and for surface structure generally decreased as a result of

skimming. Surface memory, however, was not consistently superior

for ozie ..Ind of statement and any differences observed among

subjects reading at normal rates tended to diminish when subjects

skimmed the stories. Reaction times in the meaning ajid z-rface

tests primarily reflected theoretically uninteresting

characteristics of test statements such as length, but also

tended to decrease as reading rate increased, suggesting that

subjects in the skimming condition adopted some form of a speeded

reading set during the test phase.

The results of Experimant I were very encouraging with

respect to the validity of experimental procedures used to study

the reading process aad resulting memory representations. The

effect of statement importance was mairtained across reading

- j----- - ~
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rates, indicating that some essential macrostructure processes

were operative. These processes did not completely deteriorate

when skimming rates were in effect. It was hypothesized that

macro-operations (Kintsch & van Dijk, 1978) might even be more

strongly emphasized during skimming and as a result the

importance effect in recognition would increase in the skimming

condition. While this effect was not obtained using the present

measures, it is theoretically possible that macro-operators were

especially emphasized during skimming but that certain memory

characteristics obscured the effect. Specifically, suppose we

assume that memory for macrostatements and inferences is related

to reading rate by a function that has the same basic shape as

that for microstatements (see Figure 11), but that the latter

function is, in fact, steeper and is displaced further toward

lower reading rates. That is, the steepest drop in memory

performance on microstatements would be associated with lower

reading rates than would that of important statements. Suppose we

also assume that the tested reading rates sampled these two

functions at points beyond that associated with the steepest drop

in memory performance on microstatements. Then the sampling of

the microstatement function would include points with relatively

little difference in performance, while the sampling of the

important statement function would include points of performance

that were just as differentiated an those sampled from the

microstatement function (see Figure 11). The result is a general

impression of equal effects of rate on recognition of statements

I
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Figure 11. Theoretical functions relating memory to reading ratefor important Statements and unimportant statem~ents.
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of different levels of importance. But sampling of a greater

range of rates might reveal more subtle differences between the

two functions, particularly a greater maximum decrease for

microstatement performance than for perfcrmance on important

statements. Because of the complexity of this issue and the

nature and probable instability of the functions relating reading

rate and memory performance, a clear distinction between the

theoretical alternatives of maintaining versus increasing

macro-operations during skimming will not be a primary goal in

this thesis. Emphasis will instead be placed on the more testable

(and more critical) issue of whether or not macro-operations

function well enough to honor the relative significance of

different facts and form at least a general macrostruuture when a

reader skims. The results of Experiment 1 strongly suggest that

they do, though an incomplete macrostructure results, as not all

information can be adequately processed by the macro-operations.

The experiments reported in the remaining chapters were designed

to further investigate the characteristics of these

macro-operations and their relationships ith data driven aid

conceptually driven processes in varied reading situations.

I

L



ChAPTER III

EXPERIMENT 2

In Experiment I there was not a great deal of coxz.rol over

the reading rates adopted by subjects. The result was a wide

range of reading rates operative in each reading rate condition.

Experiment 2 was designed to establish strict control over

reading rates and to increase rates beyond those used by subjects

in a free skimming situation. A niu.ber of procedures could be

used to control reading rates such as presenting limited portions

of the text far fixed time intervals (Car-ver, 19??). Controlled

presentation of text has commonly been used in speeded reading

research (see Chapter I) but suffers from the major disadvantage

of being very unnatural. Subjects are not able to make decisions

about which parts of a text they wish to process more elaborately

nor are regressive eye movements to earlier parts of a text

possible. Skimming processes probably would be very different in

this situation compared to more realistic reading situations.

The primary objective in controlling reading rates is to

allow the subject an amount of time to process a text that

corresponds to a particular rate of speed. 1his can be

accomplished in a relatively natural way by mi-king the whole text

available to the subject for the fixed period of time. Rather

than having the subject read as much as possiblL in the allotted

time at his or her own rate (Carver, 1977), however, the subject

should be encouraged to read at rates consistent with the rate
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established by the time interval allowed for reading. That is,

depending on the rate in effect subjects would be told they will

have enough time to read at a rate similar to their normal

reading rates or at a rate that corresponds to skimming, and

subsequently encouraged to operate at those rates. Practice texts

are necessary to allow subjects to accommodate their reading

style to the rate in effect. Assistance in reading at the

established rate can be provided by keeping the subjects informed

of elapsed time (Wright, 1971). Subjects need not read the text

at a uniform rate under this procedure, but can allocate reading

time according to whatever criteria they would ordinarily use in

skimming or normal reading. The overall reading rate would

conform to the established rate. Information about elapsed time

is presented only to keep the subjects informed of time

constraints and through experience on practice texts a general

sense of the reading rate requirements can be obtained, This

procedure has the advantage of being reasonably natural with only

time constraints imposed upon subjects. Otherwise, subjects are

free to use any reading strategy and time allocation priorities

they choose. No other pacing procedure offers this degree of

freedom. Anything more restrictive may have severe consequences

for normal reading processes such as formation of macrostructures

of text information. For these reasons the pacing procedure used

in Experiment 2 allowed subjects access to the whole text during

a fixed time interval corresponding to the established reading

rate. The extent and nature of the influence of the pacing

77



106

procedure used in Experiment 2 can be gauged by comparing the

experimental results with those found in Experiment 1 where

subjects read at self-paced rates.

Three reading rates were selected for Experiment 2. The

first two were based on the subject-paced reading rates observed

in Experiment 1. The normal and skimming rates were based on the

median rates of the corresponding reading conditions of the first

experiment. The selected paced rates were 225 wpm and 375 wpm for

normal reading and skimming, respectively. A third rate of 600

wpm was chosen to push subjects to skim stories very rapidly and

will be referred to as the fast skimming rate. The reason for

including such a fast rate was that -while subjects may skim at

less than 400 wpm when they know they will be tested, it may be

that this type of skimming is unlike the kind of skimming that is

done at very fast rates. Also, it was important to determine

whether subjects could successfully form macrostructures of story

information when skimming at a rate that exceeds more careful

skimming speeds.

Experiment 2 involved the same stories and test materials as

those used in Experiment 1 so that direct comparisons of

experimental results could be made in evaluating the effects of

pacing subjects' reading rates. The two different story types,

narrative and newspaper, represent basically different story

structures and their use allowed observation of the effects of

various reading rates on the processing of stories with diverse

structures. Use of the different atatement types provided

I °!
-
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information about the formation of a macrostructure

representation in memory and the ability to draw inferences from

information obtained while reading at widely varying rates. The

surface memory test was included to provide further evidence

about the nature of surface processing during normal reading and

skimming.

The final variable included in Experiment 2 was that of

typographical case. Half of the subjects read stories typed in

normal case while the other half read stories typed in

alternating case (every other letter capitalized). The logic

underlying the use of different typographies was related to the

hypothesis that when readers skim they must rely more on whole

word visual identification of words because they lack the time

and cognitive resources necessary to make full use of

phonological decoding processes. Baron (1977) has shown that use

of alternating case sufficiently disrupts visual patterns so as

to make whole word visual identification very difficult. The

alternating case typography must be prepared with capital letters

larger than normal letters in order to obtain the effect. If

capital letters are no larger than the lower case letters no

disruption occurs since subjects are able to integrate

alternative sets of features into whole word visual

identification when size is controlled (F. Smith, Lott, &

Cronnell, 1969). When alternating case is used for normal reading

rates a relatively small detrimental effect occurs (Fisher, 1975;

Fisher & Lefton, 1976) but when subjects must scan material at

4i
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rapid rates as in a search task, the effects of alternating case

are accentuated (Fisher & Lefton, 1976; F. Smith et al., 1969).

These results are consistent with the hypothesis that whole word

visual identification is particularly important during skimming.

One possible effect of alternating case on meaning

recognition performance would be a general decrease due to

red uced efficiency or completeness of processing text

information. This effect might also be observed in the surface

memory test if subjects are unable to devote much attention to

processing of surface structure since full surface processing

requires time consuming decoding of visually unfamiliar word

shapes. Perhaps the most interesting effect of all would involve

the effect of alternating case on the ability to develop a

macrostructure representation while reading normally or skimming.

If decoding alternating case is a sufficiently difficult task

with high demands on processing time and resources it may be that

subjects would not have adequate time or cognitive resources

(Kahneman, 1973; Norman & Bobrow, 1975) for the selective

processing required to form a macrostructure from a story being

read. Formation of macrostructures does appear to require some

amount of cognitive resources (Britton et al., 1979), but

Experiment 1 demonstrated that macrostructures can be formed even

while skimming. The important questio1 , then, is whether

macrostructures can be formed during normal reading or skimming

when perceptual processes cannot operate optimally and when

further demands are placed on cognitive resources as a result of
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having to decode alternating case. Those reading situations

susceptible to alternating case effects would be those that rely

primarily on whole word visual identification processes for rapid

and resource-efficient text comprehension.

Method

Subiect.,

The subjects in Experiment 2 were 180 students recruited

from the same source as that used in Experiment 1. There were 30

subjects as-3igned to each of the six combinations of reading rate

and typographical case. Assignment was based on the order of the

subjects' appearance at the laboratory.

The reading and test materials used in Experiment 1 were

also used in Experiment 2. In addition, a second set of story

booklets identical to that used in Experiment 1 was prepared

using alternating case typography in which alternating letters

were capitalized and all other letters were lower case,

regardless of normal rules for capitalization.

Design

For the meaning test a 3 X 2 X 2 X 3 mixed factorial design

was used. Reading rate (normal, skimming, and fast skimming) and

typographical case (normal and alternating) were between-subject

variables. Story type (narrative and newspaper) and statement

type (inference, macrostatement, and microstatement) were

within-subject variables. For ;he surface test a 3 X 2 X 2 X 2

-_i
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mixed factorial design was used. All four variables were the same

as in the meaning test except that the statement type variable

included only two levels (macrostatement and microstatement).

Procedure

Subjects participated in small groups ranging in size from

two to six. Each subject was first required to read the practice

narrative as in Experiment 1. Once all subjects in the session

had completed this task and the materials were collected, the

experimenter explained that the subjects would next Ie asked to

read a set of stories. Subjects were told that they would be

asked to read at a particular rate of speed and that that rate

would be similar to their normal reading rate, to the rate they

might use when skimming, or to a rate they might use when

skimming very fast, depending on the readiag rate in effect

during the session. The method of pacing the subjects through

each story was then described and subjects were reminded that

their task would be to obtain from each story the important

information that would contribute to the story's general meaning.

The story booklets were distributed and the subjects read the

instructions on the cover page. These instructions were basically

the same as those that appeared on the cover page of the story

booklets used in Experiment 1, except that the instructions for

Experiment 2 also included a description of the pacing procedure.

Also, for those subjects receiving stories typed in alternating

case, a paragraph was included that introduced the

characteristics of the typography. After reading the instructions

M-M
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and having any questions answered, subjects began the paced

reading procedure.

Reading rate was paced using a tape recorded message for

each story. The message began with the word "Start," indicating

that the subjects were to open the booklets to the first story

and begin reading. A series of numbers, "one" through "four," was

heard with each number occurring at equally spaced time

intervals. Thus, when subjects heard the number "one" it meant

that one quarter of the reading time had elapsed, and when they

heard the number "four" it meant that the total reading time had

elapsed. At that point subjects were to be finished reading and

were required to turn to the next blank page in the booklet. Six

sets of messages were recorded, taking into account the two

different orderings of narrative and newspaper stories (the two

story types differed in length), and the three different reading

rates. Two sets of messages were prepared for each of the three

rates: 225 wpm, 375 wpm, and 600 wpm.

When the pacing procedure was described to the subjects it

was emphasized that vhien they heard a number, for example "one,"

it did not mean that they necessarily had to be finished reading

the corresponding proportion of material in the story (1/4).

Subjects were told that they could distribute their reading time

over the story in any way they desired, as long as they completed

their reading by the end of the allotted reading time.

Consequently, subj s were asked to adjust their general reading

Vate to cover the whole story in the time allowed. The numbers
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were present only to keep subjects informed of elapsed and

remaining time. Once the time for reading a story had elapsed,

subjects turned to a blank page while waiting for the signal to

start reading the next story. There was a pause of about 5 sec

between stories. At the end of the reading phase subjects began

the test phase which involved procedures and materials identical

to those used in Experiment 1. Once the test phase had been

completed subjects filled out the same questionnaire as that used

in Experiment 1.

Results and Discussion

Questionnaire

The subjects in Experiment 2 were not given tne opportunity

to read the critical stories at their preferred reading rates.

Instead, they were required to read at paced rates. Therefore, in

order to be able to claim that the reading processes in

Experiment 2 were reasonably representative of natural reading,

it is very important to evaluate subjects' comments on how well

their experimental reading experiences corresponded to their

normal reading experiences. Subjects' replies to the

questionnaire item regarding a comparison of usual reading rates

with those used in the experiment are relevant to this issue.

The percentages of subjects in each experimental condition

claiming that the paced reading rate was the same as, faster

than, or slower than usual reading rates are shown in Table IV.

In general, subjects reading at the normal rate felt that they

I ____ _ __________________________________
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TABLE IV

SUMMARY OF RESPONSES TO QUESTIONNAIRE ITEhS REGARDING
REACTION TO PACING PROCEDURE IN EXPERIMENT 2

Case Reading Rate Paced Reading Rate Experimental
Relative to Own Rate Skimming Success
(Percent of Subjects) Ratings

Same Fast Slow

Normal Normal 56 17 27 --
Normal Skim 3 97 0 2.03
Normal Fast Skim 10 90 0 1.40
Alternating Normal 40 40 20 --
Alternating Skim 7 93 0 2.03
Alternating Fast Skim 3 94 3 1.23

iI
|I
|I
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were reading at or slightly below their normal reading rates.

There was a tendency for a greater percentage of subjects reading

alternating case at the normal rate to claim that the pace was

too fast. Given that all subjects were forced to read at one

speed, however, it appears that a representative speed was

chosen. For subjects in the skimming and fast skimming conditions

there was almost ccmplete agreement that the rates were too fast.

Since these responses by subjects in both skimming conditions

appeared to be based on comparisons with personal normal reading

rates rather than personal skimming rates (as in Experiment 1),

it is difficult to interpret them in the context of evaluating

paced skimming rates with respect to usual skimming rates. A more

reliable impression can be obtained by evaluating subjects'

responses to the questionnaire item asking how successful

subjects believed they were in extracting important information

from the stories while skimming. These responses were evaluated

using the same four-point scale as that used for this item in

Experiment 1. The mean rated subjective success in extracting

important information for subjects in both skimming conditions is

presented in Table IV. It is apparent from these means that

subjects in the skimming condition were more confident (2.03)

that they had successfully gleaned the important information from

the stories than were the subjects in the fast skimming condition

(1.32), .E (1, 116) M2.5, e  1.228. Typographical case did

not have a reliable effect on these ratings, nor was the

interaction between reading rate and case significant (.Es < 1).



115

Thus, subjects in the skimming condition were able to maintain a

relatively high degree of confidence (very close to that observed

for subjects in the skimming condition in Experiment 1) in their

ability to skim effectively at the paced rate of 375 wpm. The

rate of 375 wpm seems to be a representative skimming rate for

these subjects. When subjects were forced to read at 600 wpm,

however, the degree of confidence in what they learned while

skimming declined significantly, indicating that the rate of 600

wpm was probably beyond these subjects' preferred rates of

skimming. These are exactly the roles that the rates of 375 wpm

and 600 wpm were meant to play.

With respect to the subjects' responses to items on the

questionnaire that dealt with skimming habits outside the

laboratory, the mean estimate of percentage of total reading time

that is spent skimming was 3G;, with a full range of 0-100%. As

in Experiment 1, the most common types of materials that are

skimmed are newspapers and magazines as 37% of the subjects

claimed to skim at least one of these two types of material.

Also, 17% of the subjects stated that they skim at least some

part of their college materials. A number of other types of

material were mentioned idiosyncratically as in Experiment 1. A

general estimate of how effectively subjects feel they skim on

their own was obtained by evaluating subjects' responses to the

question concerning how successful subjects' felt they are at

extracting important information while skimming on their own.

Responses were evaluated using the four-point scale described in

- M
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Experiment 1. The mean rating for the subjects in ExpPriment 2

was 1.86, indicating that these subjects felt that they car. skim

reasonably well on their own. Finally, 12% of the subjects

indicated that they had taken some course of training in

improving reading speed. Among those subjects who have had

training in increasing reading speed, the mean evaluation of

confidence in success while skimming outside the laboratory was a

very high 2.33. With respect to these subjects' confidence in

their success while skimming stories in Experiment 2, those who

were paced at 375 wpm (N = 9) had a mean evaluation rating of

2.78, while those who were paced at 600 wpm (11 = 7) had a mean

rating of only 2.0. The difference between these mean ratings was

reliable, f (1, 14)-= 6.00, Ea = 0.397. Apparently, even those

subjects who had received training in improving reading speed

found some difficulty in skimming at 600 wpm.

In summary, the results of the questionnaire provide two

general conclusions about the skimming behavior of subjects in

Experiment 2. First, the characteristics of subjects' skimming

behavior outside the laboratory are similar to those described by

subjects in Experiment 1. Second, although subjects in Experiment

2 read stories at paced rates of speed, it appears that they

were, for the most part, able to maintain their usual reading

strategies whether reading at the normal or at the skimming

rates. At the fast skimming rate, however, subjects felt that

they were less able to successfully extrant important information

from the stories. Consequently, it appears safe to conclude that

I
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the pacing method did not seriously disrupt usual reading

processes and that the sele,,ted reading rates were representative

of normal, skimming, and fast skimming rates ordinarily used by

subjects.

Memor .Jz MeaninM

eecc-nition performance. Ability to recognize the meaning of

test statements that appear'ed in or could be inferred from one of

the critical stories was characterized in the same manner as for

Experiment 1. The mean proportions of hits and false alarms are

presented in Table V. Each subject's performance was also

characterized by a set of i' scores combining appropriate pairs

of hit and false alarm rates in the same way as for Experiment 1.

The mean d' scores are presented in Figure 12.

In order to further establish the validity of the pacing

procedure as a method of ensuring particular rates of reading

while not seriously disrupting usual reading processes, an

analysis was carried out comparing the d' recognition of meaning

scores of subjects in Experiment 1 to those of subjects in

Experiment 2. To equalize the number of subjects in each

condition, six subjects from each reading rate condition (one

subject frowm each of the six counterbalancing conditions) in

Experiment 1 were randomly chosen for exclusion and all subjects

in the fast skimming and in the alternating case conditions in

Experiment 2 were excluded from the analysis. The analysis, then,

included experiment and reading rate as between-subject factors,

and story and statement type as within-subject factors. The only

r

r
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TABLE V

MEAN HIT AND FALSE ALARM RATES ON MEANING TEST IN EXPERIMENT 1

Case Story Type Reading Statement Typea

Rate

Inf. Mac. Y4ic.

Hit FAb Hit FA Hit FA

Normal Narrative Normal .88 .13 .91 .12 .92 .26
Normal Narrative Skim .89 .19 .91 .16 .82 .25
Normal Narrative Fast Skim .81 .27 .85 .33 .72 .38
Normal Newspaper Normal .84 .13 .93 .17 .77 .28
Normal Newspaper Skim .78 .14 .86 .14 .78 .31
Normal Newspaper Fast Skim .79 .27 .82 .26 .70 .32
Alternating Narrative Normal .86 .19 .88 .17 .87 .28
Alternating Narrative Skim .83 .25 .84 .24 .70 .40
Alternating Narrative Fast Skim .81 .24 .79 .24 .65 .40
Alternating Newspaper Normal .83 .19 .84 .22 .81 .28
Alternating Newspaper Skim .76 .19 .83 .25 .72 .35
Alternating Newspaper Fast Skim .73 .27 .75 .28 .62 .28

Inf. Inference; Mac. = Macrostatement; Mic. = Microstatement

bFA = False Alarm
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effects of interest in this analysis were those involving the

main effect of experiment and any interactions involving this

variable. None of these effects were reliable and the only one

that approached significance was the interaction between

experiment and reading rate, F (1, 116) = 3.16, J& e = 0.791, R <

.08. This interaction effect was due to a greater decrease in

performance due to skimming in Experiment 1. Thus, it seems clear

that the use of the pacing procedure did not produce sufficient

aberration of the reading process to seriously affect performance

on the recognition of meaning task. If anything, the pacing

procedure involved a slightly more moderate skimming rate than

that adopted voluntarily by subjects in Experiment 1.

An ana7 ysis of variance of the d' scores for the whole set

of subjects in Experiment 2 was carried out, including reading

rate and typographical case as between-subject variables and

story and statement type as within-subject variables. il1 four

main effects were significant. As reading rate increased,

recognition performance decreased, F (2, 174) = 23.30, S

1.232. The mean recognition performance for subjects in the

normal (1.85), skimming (1.61), and fast skimming (1.29)

conditions all reliably differed from one another according to a

Newman-Keuls test.

Subjects who read stories typed in normal case had reliably

higher d' scores (1.70) than did subjects who read stories typed

in alternating case (1.47), E (1, 174) 11.24, Me 1.232.

Subjects were better able to recognize statements taken from

k,

- - - - - - - - -
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narratives (1.63) than statements taken from newspaper stories

(1.54), f (1, 174) = 4.33, MSe = 0.556. The different statement

types differed in the degree to which they were recognized,

£ (2, 348) = 86.31, MSe 0.373. A Newman-Keuls test indicated

that recognition of inferences (1.71) and of macrostatements

(1.79) did not reliably differ, while recognition of either of

these two statement types was significantly superior to that of

microstatements (1.24).

Only one interaction was significant in the analysis. This

was a three-way interaction involving case, story type, and

statement type, X (2, 348) = 3.26, M e  = 0.398. In order to

interpret this interaction two separate analyses of variance were

computed, one for each story type. Each analysis included reading

rate and case as between-subject factors and statement type as a

within-subject factor. In both analyses all three main effects

were reliable with patterns of significant differences between

means almost identical to those found in the original analysis.

Additionally, the analysis of recognition of statements taken

from narratives revealed three interactions that were at least

close to being reliable. The interaction between rate and

statement type was relaible, E (4, 348) = 2.82, M 0.319,

indicating that ability to recognize inferences and

macrostatements declined less rapidly than did ability to

recognize microstatements as reading rate increased. The

interaction between rate and case approached significance,

E (2, 174) 2.87, M 0.984, 2 < .06. This interaction implied
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that tie negative effects of reading alternating case increased

as reading rate increased from normal to skimming, but

disappeared when the rate was set for fast skimming.

Alternatively, one could interpret the interaction as indicating

that for subjects reading normally typed stories, a small drop in

d' scores was observed as reading rate went from normal (2.05) to

skimming (1.89) and a rather large drop occurred when the rate

was set at fast skimming (1.30). On the other hand, for subjects

reading the stories typed in alternating case a large drop in d'

scores was observed as soon as reading rate went from normal

(1.84) to skimming (1.39) and a lesser decrease occurred when the

rate was fast skimming (1.30). Finally, the interaction between

case and statement type approached significance, E (2, 348) =

2.68, Me = 0.319, 2 < .07, indicating that reading alternating

case had a more detrimental effect on recognition of

microstatements than of manrostatements or inferences.

These interactions taken together with Figure 12 imply that

the effect of reading rate on recognition of different statement

types depends both on the type of story and the case in which the

story is typed. In order to further investigate this possibility

and to delineate those situations in which interactions between

reading rate and statement type are likely to occur, four more

subsidiary analyses of variance were done. One analysis was done

for each combination of story type and case. In each analysis the

variables were rate (between-subject) and statement type

(within-subject), and the question of interest was whether these

- ===--
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two variables interacted. In each analysis both main effects were

highly reliable as they had been in the earlier analyses, but, as

expected from viewing Figure 12, only the analysis involving

narratives read in alternating case revealed a reliable

interaction between rate and statement type, F (4, 174) = 3.40,

ha = 0.318. This interaction did not approach significance in

the other analyses (_Es < 1). The significant interaction clearly

indicates that the condition of reading narratives typed in

alternating case leads to a more rapid decline in recognition of

microstatements than of macrostatements or inferences as reading

rate increases.

The comparison of recognition of meaning in Experiments 1

and 2 was very encouraging with respect to the validity of the

pacing procedure used to control reading rates. The basic pattern

of results found when subjects read at self-paced rates were

replicated when a controlled pacing procedure was used. In

conjunction with the results of the questionnaire, these findings

support the argument that subjects can be paced in reading at

normal and skimming rates without serious disruption of regular

reading processes. The use of a third reading rate provided an

indication of the effects of skimming at a rate beyond that of

careful skimming. Even at 600 wpm subjects successfully formed

macrostructure representations of the stories.

The effects of alternating case were generally detrimental

as recognition performance was higher for subjects who read

normally typed stories than fbr subjects who read stories typed
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in alternating case. There was a tendency for the ef'fect of

alternating case on recognition of narrative statements to be

greater in the skimming condition than in the normal rate

condition, but there was no effect at all in the fast skimming

condition. It appears that when subjects are pressed to read at

600 wpm the ability to carefully process perceptual information

is sufficiently compromised that use of alternating case did not

add a significant burden. Subjects could revert to a rapid but

impoverished perceptual processing strategy or a more selective

one in which certain parts of a story were read carefully. In the

latter instance alternating case would not have a great effect

(Fisher, 1975; Fisher & Lefton, 1976). Whatever the general

processing strategy, subjects were capable of forming a

representation of a story that was characteristic of a

macrostructure, though not complete, even when a visually

unfamiliar typography was used. Clearly, even under rather

extreme circumstances subjects are well-equipped to use

macro-operations to regulate processing of information extracted

from stories.

A particularly interesting consequence of reading

alternating case was to amplify the effect of statement

importance for narratives as reading rate increased. Unlike

recognition of newspaper statements, the narrative

microstatements showed a steeper decline as a function of reading

rate than did inferences or macrostatements in the alternating

case condition. For narratives, subjects were not as successful
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at processing detailed information as they were for newspaper

stories. The cause of this difference may lie in the different

length and structural properties of the two story types and in

the flexibility of allocating processing resources during

reading. In newspaper stores the wore important information is

located early in the stories and the length of the stories used

in the experiment was relatively short. Subjects could more

easily select and process important information in this situation

then go on to deal with the unimportant details later in the

story. E'ven when the use of alternating case created excessive

dema-ds on processing capacity subjects could still be confident

that the critically important information had been processed once

the early part of the story had been read. Less concentrated

processing would then be devoted to the remainder of the story

without fear of missing critical information. In the narratives,

however, the length was greater and the important information in

narratives can be scattered throughout. In the situation of

skimming narratives in alternating case, subjects may have had

time and processing resources enough only to si-vey the whole

story, concentrating on important information and allowing

unimportant details only minimal processing. Thus, as rate

increased, differential processing was maximized and processing

of microstatements decreased markedly. The specific effects of

alternating case on processing of narratives and newspaper

stories point up the flexibility of resource allocation and the

different underlying story structures and awareness of these

77
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differences appears to be part of the subjects' story schemata.

Reaction time for hits. Reaction time data were prepared aid

analyzed in the same way as they were for Experiment 1. The mean

time taken to verify true statements is showm in Figure 13. An

analysis of these reaction times found that the shorter newspaper

statements were verified faster (4.171) than the narrative

statements (5.269), _ (1, 174) = 157.75, - e = 2.064. The effect

of story type became more pronounced as reading rate increased,

as rate and story type interacted, F (2, 174) = 5.01, da e =

2.064. The different statement types differed in time required

for verification, .E (2, 348) = 11.25, W = G,804. A Newman-Keuis

test found that reaction time for microstatements (4.838) and

inferences (4.782) did not reliably differ while both were

significantly longer than reaction time for macrostatements

(4.540). The effect of statement type interacted with reading

rate and case, E (4, 348) = 2.77, M = 0.804. This interaction

can be interpreted in terms of deviations from the pattern of

statement effects just described. For the normal case condition,

reaction time to microstatements for fast skimming subjects was

especially high, and for the alternating case condition, normal

rate subjects responded especially slowly to inferences while

skimming subjects were almost as fast on inferc'.es as

macrostatements. Two other interactions involving rate, story and

statement type approached significance but both represented

elaborations of the significant interaction without contributing

further insight and will, therefore, not be described.
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The time taken to verify statements in the meaning test did

not consistently vary with reading rate. In general, even when

subjects skim they can respond to test statements swiftly on the

basis of the general macrostructure representation they have

formed. The increase in the story type effect may be tied to

statement length, but also to the greater recognition of

narrative statements. Subjects may be more careful in their

responses to narrative statements due to the greater amount of

information and interrelationship of story elements found in the

longer stories. The statement type effect may partially reflect

differences in materials, but the finding that macrostatements

are responded to more quickly is consistent with their critical

role in the macrostructure, while the slower response times for

inferences probably reflects lack of prior processing of any

surface representation of the inferred information. The slower

response to inferences was accentuated in the normal reading rate

condition when alternating case was used, suggesting that

subjects may have been particularly reliant on surface structure

processing when dealing with alternating case at a slow reading

rate (of. Masson & Sala, 1978). In the skimming condition,

however, reaction to any important information was rapid and

inferences were responded to quickly. Part of this effect could

be due to a speeded reading set, as more careful consideration of

test statements among subjects in the fast skimming condition

once again elevated reaction time to inferences. In reading

normal case, fast skimming subjects were able to process

t _
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microstatements to a limited extent as these subjects' reaction

time to microstatements was particularly high.

Reaction time for correct rejections. The mean time taken to

correctly reject false statements is presented in Figure 14. The

analysis of these reaction times found the usual effect of faster

responding to newspaper statements (4.627) than to narrative

statements (5.812), E (1, 174) = 208.75, Me = 1.818. The effect

of statement type also was reliable, .E (2, 348) = 35.87, MS -

1.185, and a Newman-Keuls test showed that macrostatements

required significantly more time for rejection (5.495) than

microstatements (5.329) and both explicit statement types

required far more time than inferences (4.834). Statement and

story type interacted, F (2, 348) = 7.05, MS = 1.057, and

subsidiary analyses of each story type indicated that w.tile

narrative statements followed the deac. ibed pattern, newspaper

micro- and macrostatements switched positions.

There are two general outccmes in the correct rejection

reaction time data that are consistent with findings in

Experiment 1. First, time taken to reje.t statements is greater

than verification time, suggesting a more exhaustive search

before a rejection can be made. Second, false inferences are

rejected more rapidly thau any other statement type. This res,,lt

is large and consistent enought to support arguments about

processing and memory effects rather than stimulus selection

artifact explanations. The more rapid rejection of false

inferences probably was due to the lack of prior experience with
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a test inference's surface structure and the statement's lack of

accurate information relevant to the story did not encourage very

close checking of the inference with the memory representation of

the story.

R time for false alarms. The mean reaction time for

false alarms is shown in Figure 15. An analysis of variance of

these data showed that as reading rate increased time taken to

make a false alarm decreased, f (2, 174) = 3.52, =8.562. A

Newan-Keuls test showed that reaction time in the norm3a reading

rate condition was slower (6.040) than in the skimming (5.546)

and fast skimming (5.531) conditions which did not differ

reliably from each other. Newspaper statements were responded to

more rapidly (5.149) than narrative statements (6.262),

E (1, 17) = 108.32, ke = 3.088. Reading rate and case

interacted, f (2, 174) = 4.60, M e = 8.562, indicating that when

the normal reading rate was in effect subjects who read

alternating case responded more slowly than subjects who read

normal case, but at the fast skimming rate and especially the

skimming rate subjects who read alternating case responded more

rapidly. While the statement type main effect was not reliable

this factor interacted with reading rate, £ (4, 348) = 4.53, -W

- 3.156, and with case, f (2, 348) = 3.06, .S = 3.156. The

interaction of statement type and reading rate resulted from a

faster response to macrostatements at the normal rate and a

decrease in this effect as rate increased up to fast skimming

where little, if any, statement differences were fbund. The

M!



132

NARRATIVES NEWSPAPER STORIES

7

Uj 6NOHALW CASE
v 5

6- -I - -

4

z * INFERENCE
o 0 MACROSTATEMENT

+ MICROSTATEMENT T
-- ALTER-

o6 NATING
a- CASE

L1 5

N S F ' S F

READING RATE

Figure 15. Mean reaction time on false alarms on meaning test in
Experiment 2 (N = Normal; S = Skim; F Fast Skim).

I-



133

statement type interaction with case showed that the effect of

alternating case on false alarm reaction time was largest in

reducing response time for macrostatements and almost nonexistent

for microstatements. The interaction involving story and

statement type was reliable, f (2, 34) = 3.50, he = 3.379,

indicating that the idiosyncratic pattern of reaction time for

different statement types varied across the two types of stories.

Story ana statement type further interacted with reading rate,

f (4, 348) = 2.49, & = 3.379. Subsidiary analyses of each story

type showed that for narratives, macrostatements were responded

to more rapidly than other statements but that this effect

diminished as reading rate increased. No main effect or

interaction involving statement type was significant in the

analysis of newspaper statement responses.

The time taken to respond when sutjects made false alarms

was affected primarily by reading rate and case. Unlike

Experiment 1, there was no consistent effect of statement type

suggesting that interactions involving this variable were the

result of material selection artifacts or the problem of inflat A

effects due to many subjects not making any false alarms to

certain statement types and being assigned the cell mean instead.

Any interactions involving statement type were characterized by

reduced statement type effects as reading rate increased,

concomitant with a smalle; proportion of subjects failing to make

at least one false alarm. The interaction between rate and case,

however, suggests that subjects who read at normal speeds were

i 7

I
I
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able to establish a memory representation with confidence and any

false alarms were the result of relatively long deliberation.

When subjects skimmed the stories less certainty about

representations in memory was possir. , particularly when

alternating case was used, and reasonable (but actually false)

statements were accepted as valid rather than rejected on the

basis of incomplete knowledge. A review of Table V confirms this

general trend as increases in reading rate and the use of

alternating case had proportionally greater effects on false

alarms than on hits.

Reaction time for misses. The means for time taken in

failing to verify a true statement are shown in Figure 16. The

analysis of these reaction times showed that the only reliable

main effect was story type, with newspaper statements responded

to more rapidly (4.869) than narrative statements (6.349),

f (1, 174) = 185.76, MS 3.186. There was a reliable

interaction involving reading rate and case, _F (2, 174) = 7.09,

MSe = 5.883. Reaction time for subjects who read alternating case

was greater than for subjects who read normal case when the

normal reading rate was in effect, but when the skimming rate was

used the reverse was true, and at the fast skimming rate there

was no large difference due to case. The interaction between

story and statement type was significant, 1 (2, 348) 9.77, M

2.692, representing what is probably an effect due to selection

of materials rather than processing differences between

narratives o and newspaper stories. Four other interactions

----- -~-
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approached signi .e, but once again the high incidence of

subjects not mib. ;g any true statements of a particular type

suggests that ".ese effects may well be artifactual.

As with reaction times for false alarms, the effect of

alternating case varied with reading rate and was strongest in

the skimming condition. In that condition, subjects were rather

fast in rejecting true statements compared to subjects who bad

skimmed normally typed stories. Skimming appeared to lead to less

certainty about resulting memory representations, especially when

skimming alternating case, and subjects rapidly rejected

unfamiliar statements even though they had occurred in a story

that was read. Part of this effect could be due to the speeded

reading set established during the paced reading procedure. The

effect could be particularly strong for subjects who read stories

in alternating case and on their test had their first opportunity

to read ex'- rimental materials in normal case.

Memory for Surface Structure

Reconitioz, performance. Hit and false alarm rates were

calculated for each subject's performance on each statement type

on the surface test. The mean hit and false alarm rates are

presented in Table VI. A set of d' scores was also calculated for

each subject and the mean d' spores are shown in Figure I. An

analysis of the d' scores showed that, in general, time of test

(immediate or delay) had no consistent or interpretable effect on

performance and was, therefore, not included in the analyses

reported here. As reading rate increased, surface memory

7__
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TABLE VI

MEAN HIT AND FALSE ALARM RATES ON SURFACE TEST IN EXPERIMENT 2

Case Story Type Reading Statement Typea

Rate

Mac. Mic.

Hit FAb Hit FA

Normal Narrative Normal .78 .58 .83 .56
Normal Narrative Skim .73 .53 ,69 .53
Normal Narrative Fast Skim .69 .54 .57 .52
Normal Newspaper Normal .77 .48 .64 .48
Normal Newspaper Skim .67 .56 .53 .52
Normal Newspaper Fast Skim .71 .59 .51 .52
Alternating Narrative Normal .74 .62 .73 .52
Alternating Narrative Skim .64 .62 .53 .47
Alternating Narrative Fast Skim .69 .55 .53 .47
Alternating Newspaper Normal .73 .54 .62 .43
Alternating Newspaper Skim .61 .58 .54 .61
Alternating Newspaper Fast Skim .70 .62 .54 .48

aMae. = Macrostatement; Mic. Microstatement

bFA False Alarm

=MOM&
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performance decreased, _ (2, 174) 6.72, pa : 0.751. A

Newman-Keuls test found that subjects in the normal reading rate

condition had reliably greater recognition performance (0.42)

than subjects in the skimming (0.16) or fast skimming (0.18)

conditions, which did not reliably differ from one another.

Subjects reading normal case had higher recognition performance

(0.32) than subjects who read alternating case (0.18), (1, 174)

4.50, Me = 0.751. No other effects approached significance.

As in Experiment 1, surface memory deteriorated as reading

rate increased, adding support to the hypothesis that when

subjects skim they are not able to fully process surface

structure. In fact, Deformance on the surface memory test was

rarely above chance, especially in the fast skimming condition.

The effect of alternating case was to further decrease ability to

fully process surface structure, as evidenced by lower

recognition performance among subjects who read alternating case.

In those situations where surface structure was not processed to

any great extent, subjects probably had to rely to a greater

extent on their own knowledge about the story's content and were

required to form a comprehensible representation on the basis of

partial information and predictive reading processes. Skimming

generally led to decreased surface processing because of lack of

available time. Particularly in the fast skimming conditions, the

feasibility of devoting time and cognitive resources to the

complete processing of surface structure would be extremely low.

Rather, subjects would need to develop a more selective



140

processing strategy, causing performance on a test for memory of

detailed surface information to be quite low. The further effect

of alternating case was to reduce the efficiency of surface

processing by interfering with whole word visual identification

processes. Less efficient decoding processes would be more costly

in terms of time, and full decoding of surface structure would be

less common. Only enough information for development of a

macrostructure-like representation would be extracted with the

details of a sentence's surface structure receiving minimal

attention.

Reaction -time for .a Tha mean reaction time in verifying

true statements is shown in Figure 18. The analysis of these data

showed only that newspaper statements were verified more rapidly

(4.991) than narrative statements (5.775), f (1, 174) = 24.21,

A.ZS= 4.575. No other effects approached significance. No effect

of reading rate was observed, as subjects were able to verify

correctness of surface form just as rapidly after they had

skimmed stories as after they had read them at a normal rate.

Whatever knowledge about surface structure that achieved

representation in memory could be rapidly accessed regardless of

skimming rate or typography used during reading.

Reaction time for correct rejections. The mean reaction

times for correct rejections are shown in Figure 19. An analysis

of variance of these data found that newspaper statements were

responded to more quickly (6.064) than narrative statements

(7.195), E (1, 174) = 62.31, ae = 3.689. This effect varied with

_ _e
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case, _ (1, 174) = 4.80, F9e 3.689, and with reading rate and

case, F (2, 174) = 4.73, Mae 3.689. Separate analyses of

reaction time for narrative and newspaper statements were carried

out to aid in the interpretation of these interactions. The

analysis of narratives found that responses in the normal case

condition took longer (7.526) than responses in the alternating

case condition (6.863), 1 (1, 174) = 5.19, t-a 7.607. This

effect appeared, however, only in the skimming condition as rate

and case interacted, _ (2, 174) = 3.75, MSq 7.607. In the

analysis of newspaper statements it was found that as reading

rate increased, reaction time decreased, F (2, 174) = 3.15, Me

5.228. A Newman-Keuls test found that only the normal and fast

skimming conditions differed reliably. There was also a

significant effect of statement type au macrostatements were

responded to more rapidly (5.865) than ricrostatements (6.264),

1 (1, 174) = 3.86, Me = 3.697. This effect held only in the

skimxing condition as the interaction between reading rate and

statement type was reliable, £ (2, 1'14) = 4.00, ha = 3.697.

The reaction time data for correct rejections must be

interpreted with respect to those conditions that yielded above

versus below chance recognition performance. In general, the

observed interactions were due to effects in the skimming

condition where speeded reading sets have been observed

previously. Moreover, these effects involve comparison of

reaction time to a type of statement that was below chance

recognition performance with that of a statement type that was

I!
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above chance on the recognition test. The fact thac differences

were observed could easily be due to strategic decisions on the

part of subjects which are dependent on the existence or

nonexistence of a reliable memory representation of surface

structure information. As such, the correct rejection reaction

time effects reflect the recognition performance results rather

than provide further direct information about processing and

memory.

Reaction time for false a . The mean reaction time for

false alarms is shown in Figure 20. The analysis of these

reaction times revealed the usual effect of faster responses to

newspaper statements (5.520) than to narrative statements

(6.473), E (1, 174) = 37.78, M =.328. Macrostatements were

responded to more rapidly (5.805) than microstatements (6.188),

£ (1, 174) = 9.71, ID e = 2.719. There was a reliable interaction

of story type and case, (1, 174) = 8.110, 1-ke 4.328. These

effects were offset by a four-way interaction involving reading

rate, case, story and statement type, f (2, 17L) = 3.95, h a

3.741. In order to interpret the four-way interaction, separate

analyses of each of the four combinations of story type and -- se

were conducted. As expected from Figure 20, the combination of

newspaper statements and normal case and of narrative statements

and alternating case produced no significant effects. The

analysis of narrative statements and normal case found a tendency

for statement type and rate to interact, F (2, 87) = 2.83, e =

1-4.374, - < .07, and the analysis of newspaper statements in the
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alternating case condition found that macrostatements were

responded to more quickly than microstatements, 1 (1, 87) = 8.13

3.268.

The efrects of false alarm reaction times in the surface

test must also be interpreted in terms of level of re-cognition

performance. The effect in the narrative-normal case condition is

clearly due to an advantage of macrostatements on speed when the

skimming rate was used. In this case, the subjects were rather

quick in making false alarms when presented paraphrase

macrostatements. The reaction time advantage of macrostatements

held across all reading rates in the newspaper-alternating case

condition. These effects indicate a greater readiness to accept

as true, information about statements more central to a story's

gist.

Reaction time for misses. The mean time taken when subjects

failed to verify a true statement is shown in Figure 21. Th1e

analysis of these data found only two reliable effects. As

reading rate increased, reaction time decreased, J (2, 174) =

8.65, e = 6.674. A Newan-Keils test showed that the reaction

time in the normal reading rate condition (6.742) was reliaoly

longer than in the skimming (5.948) or fast skimming (5.846)

conditions which did rot reliably differ from each other. Once

again, newspaper statements were responded to more swiftly

(5.394) than nx-rative statements (6.974), _E (1, 171 = 112.49,

M 3.9418.

The effect of reading rate on reaction time is consistent
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with the idea that subjects in the skimming and fast skimming

conditions had a less embellished memory representation of the

stories. As a result, these subjects could more rapidly review

their knowledge about a story and reject a statement that was not

comprehended and represented with respect to its original surface

structure.

Summary and Conclusions

The results of Experiment 2 served to verify two

methodological aspects of the research reported here. First,

subjects' evaluations of their ability to effectively skim

stories in the experiment were reasonably consistent with memory

performance in that fast skimming reduced confidence in skimming

effectiveness and reduced actual memory performance (of. Carver,

1973). Second, the overall degree of consistency between

Experiments 1 and 2 in recognition performance validates the

pacing procedure as a method of controlling reading rate without

serious consequences for natural reading processes. Beyond these

results the data demonstrated a number of other important points.

Subjects were able to successfully form macrostructure memory

representations of stories even when skimming at 600 wpm and even

when reading alternating case. The use of alternating case,

however, did not go unnoticed as recognition performance was

lower when subjects read alternating case. The effect of

alternating case appeared to be most pronounced in the skimming

condition. Furthermore, when subjects read narratives in
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alternating case, reading rate and statement type interacted: a

greater reduction in recognition of microstatements than of

macrostatements or inferences was observed as reading rate

increased. Tr. iacrostatements were generally verified faster

than other stater.ent types while false inferences were rejected

faster than other statements. Recognition of surface structure

suffered badly as reading rate increased and dropped to chance

levels in some cases even in the skimming condition. Alternating

case also had a detrimental effect on surface memory.

The formation of a story macrostructure in reading appears

to be a general goal in reading. Subjects in Experiment 2

continued to show patterns of recognition that indicated a

macrostructure, albeit incomplete, had been formed even under

adverse circumstances of rapid skimming and alternating case. In

fact, when these two elements were comb. ed in reading

narratives, the distinction of important and unimportant

information was accentuated: recognition of microstatements

declined more rapidly than recognition of important statements as

reading rate increased. That subjects did not show this effect in

their reading of newspaper stories suggests they were able to

make more efficient use of newspaper story structure to swiftly

ascertain the important points by concentrating processing

resources on information in the initial part of the story, and to

then read more detailed information with greater speed and a

smaller investment of processing resources. In reading the

narratives, subjects had to process the whole story for important
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information rather than just the first part, as in newspaper

stories, and had little time for processing of details. In this

case, allocation of processing resources and time could not be

concentrated on a selected portion of the text but had to be

available at any time that an apparently important fact was

encountered. It would be a rare event for a significant amount of

resources to be allocated to processing of detail information.

The differential effects of narratives and newspaper stories

supports the suggestion (Thorndyke, 1979) that readers may

possess different story schemata for different kinds of stories.

At least subjects have knowledge about the characteristics of

different story types and can use this knowledge to streamline

processing and determine policies of resource allocation, Whether

the knowledge forms a single schema or multiple schemata is

another issue.

The effects of alternating case on comprehension and memory

were most pronounced in the skimming condition, consistent with

the hypothesis that alternating case interferes with whole word

visual identification and that faster reading depends on whole

word processing to a greater degree than normal reading. At the

fast skimming rate, however, alternating case had no effect

implying either that whole word processing does not play an

important role in skimming at such high rates or that readers

were so pressured at the fast skimming rate that only processing

at a global level could be done accurately and allotment of

significant resources to detailed processing of surface structure
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was not feasible (alternating case would be expected to affect

detailed processing of surface structure). In fact, memory for

surface structure was quite poor in the fast skimming condition,

and was at or near chance level for almost all statement types

and experimental conditions. It is particularly interesting to

note that surface memory approached chance performance levels at

the skimming rate in the alternating case condition, while more

knowledge about surface structure was apparent in the normal case

condition. This result is consistent with the hypothesis that

controlled processing (Shiffrin & Schneider, 1977) of surface

structure of statements during skimming was not feasible when

alternating case wa.. used -ince decoding processes were less

efficient. Whole word visual identification was disrupted and

subjects were less frequently able to completely process the

surface structure of statements. A partial processing scheme

likely was in effect, in which some part of a statement's surface

structure was processed in order to comprehend the important

information contained in it. This processing would be highly

predictive and dependent on minimal input from data driven

processes. As a result, processing of semantic information may

have been incomplete or incorrect as the reader relied heavily on

prior knowledge about the story topic. The overall consequence

was lower performance on memory for meaning and memory for

surface structure tests. Despite the frequency of inaccurate or

incomplete processing, though, subjects were able to form a basic

macrostructure of stories they skimmed and this representation

nr- R-7 ----
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reflected at least part of the fundamental content of the

stories.

The reaction time data from the meaning test revealed two

interesting effects. The time taken to verify macrostatements was

less than that required for inferences or microstatements,

indicating that macrostatements represented a critical part of

macrostructure representations of stories. While inferences also

represented important information, the longer reaction time

suggests that they may not have been directly represented in

memory but rather the pieces of information required to draw an

inference might have needed to be combined to verify the

inferential statement presented during the test (cf. Hayes-Roth &

Walker, 1979; Reder, 1979). The other reaction time effect

pertains to the fact that false inferences were rejected more

rapidly than false statements based on explicitly presented

information. False inferences could be more quickly rejected

because they dealt with important facts that likely would be a

basic part of a macrostructure and because an inference required

subjects to combine these facts or to alter a fact in an

unacceptable way. Thus, the discrepancy between the false

inference and the macrostructure could be detected even as the

subject was first reading the statement. False statements based

on explicitly presented information were fundamentally correct

except for one aspect of each statement and the correctness of

the majority of a statement's information probably prompted more

careful comparison with the memory representation of the story.
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The general conclusion from Experiment 2 is that subjects

are able to form limited macrostructure representations as they

read at very rapid speeds and even when reading a typography that

interferes with efficient decoding processes. The problem of

reading under such circumstances appears to be solved by

implementation of a processing resource allocation policy of

which processing surface structure to a jesser degree and

increasing reliance on conceptually driven processes for

predictive reading and development of a macrostructure are

characteristic. To the extent that the reader can read

predictively, sentence processing will be more efficient and the

long process and high resource requirements of detailed data

driven analysis can be de-emphasized. The reader can then form a

general macrostructure that is centered around important

information as defined by a story schema or knowledge of the

story's topic, although a price has been paid in terms of

completeness and accuracy of the macrostructure as a

representation of a story. Unlike a summary given after normal

reading of a story, a macrostructure that results from skimming

would be more likely to contain incorrect information even in

macropropositions due to the highly predictive nature of the

reading process and the slackening of constraints usually imposed

by data driven processes. Despite these deficiencies, a

reasonably accura'4e macrostructure representation can be formed

while skimming.



ChAPTER IV

EXPERIMHNT 3

In Experiments 1 and 2 subjects were assigned the general

task of extracting important information from stories while

reading at normal or skimming rates. The task was, apparently,

not vaguely defined as subjects consistently formed

macrostructures that represented key information contained in the

stories. In Experiment 3 a more specific reading goal was

introduced, however, in order to observe how subjects normally

read and skim for particular kinds of information. When required

to read a story for a certain type of information subjects need

to use not only their knowledge about story structure but also

their knowledge about the target information so that selective

pr-.cessing is a realistic possibility. A reader must be able to

establish expectations about the sorts of information to be

encountered while reading so that this information can rapidly be

processed and incorporated into a memory representation. If a

reader knows little about a topic it will be more difficult both

to select and to form a representation of information relevant to

the topic.

Reading stories from a particular perspective affects

comprehension and memory processes in a way that favors

information relevant to the chosen perspective. Processing of

information relevant to a consistently maintained perspective is

faster (Black, Turner, & Bower, 1979) and less resource-demanding

:. - -.. ... . . .. .. . __ . .. ... .... _
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(Cutler & Fodor, 1979) than processing of irrelevant sentences.

Relevant information is more likely to be retrieved from memory

after reading than is irrelevant information (Anderson & Biddle,

1975; Anderson & Pichert, 1978; Pichert & Anderson, 1977;

Kozminsky, 1977; Poulton, 1958). In fact, when subjects attempt

to recall statements that are inconsistent with the emphasized

perspective, errors are made that make the recalled information

more consistent with the perspective (Black et al., 1979).

Although retrieval from memory is biased in favor of relevant

information, at least part of the effect is due to a problem of

information access rather than availability in the memory

representation. Anderson and Pichert (1978) demonstrated that

subjects could be prompted to recall more irrelevant information

from a story that had been read if they were given a descriptive

title that was relevant to that information. Thus, while

irrelevant information may not occupy prime loc.cions in a memory

representation of a text, that information appears to be

processed and represented to at least some degree.

Experiment 3 was designed to further investigate the extent

to which relevant and irrelevant information is processed and

represented in memory when subjects read stories from specific

perspectives. It was especially important to determine how, or

even if, differential processing of relevant information is

achieved while skimming. Carver (1977) has claimed that at a

variety of reading rates little effect on the comprehension

process is to be found as a function of the reader's purpose.

73
I
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Certainly the research discussed in Chapter I concerning the

flexibility of the reading process argues against Carver's

position as do the results concerning effects of relevance on

recall. The issue of whether selective processing occurs during

increased rrading rates remains, however, as previous work on

effects of relevance has not included reading rate variables. It

is possible, for example, that when subjects skim material they

cannot effectively process relevant and irrelevant information

aifferentially. Time pressures may force inadequate processing of

relevant information as subjects must move on to find new

relevant information once a relevant statement has received

minimal processing. imal processing would also be devoted to

irrelevant statements in order to reject them as not pertinent to

the reader's goal. Unless the reader is able to process relevant

statements more elaborately and incorporate them into a memory

structure based on his or her goal, effects of relevance on

comprehension and memory will be modest.

The manipulation of typographical case was also included in

Experiment 3. It was found i, Experiment 2 that reading

alternating case had a detrimental effect on memory for meaning

and surface structure, especially when subjects skimmed the

stories at a moderate rate. The effect appeared to be due to

interference with efficient decoding processes such as whole word

visual identification. Subjects were able to form

macrostv-uctures, however, even when reading alternating case. .. e

issue in Experiment 3 was whether the control processes and

---
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schemata involved in selective processing of relevant information

can operate as well as macro-operations under the demanding

conditions of alternating case. The process of forming

macrostructures may be inherent in the reading system and

relatively robust with respect to reasonable reading rate and

decoding constraints. On the other hand, processes involved in

selecting relevant information to form the basis of a

comprehensible memory representation biased in favor of a

particular perspective may be less well practiced. To the extent

thai a reader is not practiced at reading particular kinds of

stories from specific perspectives, each new combination of story

and perspective is a new situation requiring possibly

infrequently occuring combinations of schemata in comprehension

and formation of a memory representation. A greater degree of

attention would be required to selectively process the relevant

information than would be required to carry out a reading task

that merely involved formation of a macrostructure. Consequently,

the added demands on processing resources and attention

introduced by the use of alternating case might have the effect

of causing selective processing of relevant information to fail.

When skimming, subjects may be forced to attend to processing of

surface structure to such a degree that not sufficient attention

or cognitive resources (Kahneman, 1973; Norman & Bobrow, 1975)

would be available for use in guiding the interaction of schemata

controlling selection of relevant information and its

incorporation into a developing memory structure. The consequence



for resulting memory representations would be that subjects would

include both relevant and irrelevant information in their

representations. A recognition test was used to examine subjects'

memory representations of stories so that a sensitive estimate of

the relative availability of relevant and irrelevant information

could be obtained without the strong constraints of retrieval

biases that likely would be operating in a recall test (cf.

Anderson & Pichert, 1978).

Finally, an effort was made in Experiment 3 to obtain

information about reading strategies that subjects use when their

task is to skim rather than carefully read a story. The

questionnaire administered to subjects upon completion of the

memory tests asked for a description of the subjects' skimming

strategies that were normally used outside the laboratory and

those subjects in the skimming conditions were also asked whether

and how their usual skimming strategies differed from those used

in the experiment. It was hoped that these descriptions of

skimming strategies would provide a general indication of how

subjects believe they go about successful skimming and of how

skimming strategies are adjusted to meet various experimental

demands.

The fact that relevant information was defined by an

arbitrary perspective and that the statements relevant to the

assigned perspective were embedded among irrelevant statements

may serve to reduce relevance effects relative to what might be

obtained if more distinctive definitions of relevance and textual

- _ _ _ _
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cues such as headings were used to gu -e selection cf relevant

information. The results of Experiment 3 should be interpreted in

light of this consideration.

Nethod

Subjects

The subjects in Experiment 3 were 192 students recruited and

assigned to experimental conditions in the same manner as in

Experiments 1 and 2. There were 32 subjects assigned to each of

the six combinations of reading rate and typographical case.

Materials

The 500-word narrative used in the preliminary reading task

in Experiments 1 and 2 was used in Experiment 3 as well. Four

other narratives of about 355 words each were d-veloped for use

in the experiment proper. Two of the stories were used by Pichert

and Anderson (1977) and the other two were used by Kozminsky

(1977). These stories were selected because they could be read

from at least two different perspectives depending on the

specific title that preceded the story. The four stories were

altered by adding or deleting material to make them conform to

the length restriction. In addition, two practice stories were

selected and prepared so as to meet the length restriction

imposed on the critical stories. An arbitrary title was assigned

to each practice story.

A set of test statemerts was developed for each of the

critical stories, with half of the statements in each set

- -
_______________ _7
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selected to be relevant to one possible perspective of the story

and the other half relevant to the other possible perspective.

For the ichert and Anderson stories relevance was eetermined by

fairly obvious intuitions about which statements would be closely

related to specific perbpectives. For the Ko=.insky stories

relevance was determined by his the recall protocols generated by

his subjects. Statements recalled most often when a particular

perspective was suggested before reading the story were taken as

relevant to that perspective. In this way 16 statements were

selected from each story, with eight relevant to one of a story's

two perspectives. Each subset of eight statements was further

divided into two groups of four statements. One group of four

statements ecmprised the true statement test set and the other

group of four formed the false statement test set. Each of the

statements assigned to false statement test sets was rewritten in

two versions as in Experiment 3, with one version semantically

the same as the original but altered in surface form and the

other version similar to the original in surface form but altered

so as to be false 'dth respect to the original statement's

meaning. Statements written in paraphrase 'iersion were used in

the surface memory test and those written with basic semantic

alterations were used in the memory for meaning test.

Thus, 24 test sentences were developed for each critical

story. Eigbt statements formed the true tes. set wi.th each half

relevant to a different one of the two possible perspectives.

Eight statements formed the paraphrase set for the surface test
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with each half relevant to a different perspective. The last

eight statements formed the false set for the meaning test with

each half relevant to a different perspective. An example of one

of the critical stories, its two perspective-inducing

descriptions, and the corresponding set of test statements are

presented in Appendix B. Tne mean number of words in each of the

true statements was 10.5, the mean for the paraphrase statements

was 9.6, and the mean for the semantically false statements was

9.5.

The four critical and two practice stories were typed single

spaced. right and left justified, on separate pages. A general,

neutr.li title was typed centered at the top of each story page.

Two title pages for each critical story were prepared with the

title and one of the perspective-inducing descriptions typed

centered on each. One title page was similarly prepared for each

practice story. Enough copies of title and story pages were

produced to form 16 story booklets. Eight booklets contained one

set of perspectives while the other eight contained the other

set. Each group of eight booklets was arranged to represent the

eight different orderings of stories generated by the following

counterbalancing scheme. Four booklets represented all four

possible orderings of' stories with the restrictions that the

Kozminsky srories ocrurred in the first and fourth positions and

the Pichert and Anderson stories occurred in the second and third

positions. Four booklets repre,ented all four possible orderings

i.with the reverse set of restrictions. Thus, eight counterbalanced

I
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orderings of stories were produced and assigning the two

different sets of perspectives to each ordering produced 16 story

booklhts. The booklets were arranged so that the two practice

stories appeared first, then the four critical stories in proper

order. The appropriate title page appeared before each story and

a blank colored page was inserted in front of and behind each

title page. Another set of 16 story booklets was prepared in the

same way, except that the text of each story was typed in

alternating case as in Experiment 2. In total, 32 story booklets

were -,epared. A page summarizing the instructions for reading

the stories was appended to the front of each booklet.

Design

A 3 X 2 X 2 mixed factorial design was used for the meaning

and surface tests. Reading rate (normal, skimming, and fast

skimming) and typographical case (normal and alternating) were

between-subject factors, and statement type (relevant and

irrelevant) was a within-subject factor.

Procedure

Subjects participated in groups ranging in size from one to

six. As in Experiments 1 and 2 each subject began the

experimental session by reading the practice narrative. When this

task was completed the materials were collected and the subjects

were told that in the next part of the experiment they would be

required to read a set of stories at a fixed rate of speed. The

instructions and procedure for the reading phase were similar to

those used in Experiment 2, except that subjects were told to

4
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read each story from a particular perspective. It was emphasized

that subjects should try to derive from each story information

relevant to the given perspective. The recorded pacing tapes were

constructed as in Experiment 2. They were set for reading rates

of 225 wpm, 375 wpm, and 600 wpm. The cue word "Next" prompted

subjects to turn to and read the title page of the next story.

After 5 see the cue word "Start" prompted the subjects to turn to

the story page and begin reading. A period of 5 sec was inserted

at the end of each story.

At the end of the reading phase subjects were tested in the

same manner as in Experiments 1 and 2. The test instructions did

not mention anything about inferences as none were tested.

Otherwise, the instructions basically were the same as those used

in earlier experiments. Test statements from the fourth and then

the first critical stories the subject read were tested in the

surface test then the statements from the second and then the

third stories were tested in the meaning test. As in Experiments

1 and 2, all test statements for a particular sto'y were tested

consecutively in a random order and preceded by a message

containing the story title.

When the subject finished the test phase he or she filled

out the questionnaire used in the first two experiments. In

addition, this questionnaire included two final questions. The

first asked the subject to briefly describe the method he or she

normally uses to skim material outside the laboratory. The other

question was relevant to subjects in the skimming and fast
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skimming conditions and asked whether subjects were able to use

their normal skimming strategies in the experiment. If subjects

had altered their strategies they were also asked to describe how

their experimental strategy differed from their usual strategy.

Results and Discussion

Ouestionnaire

As in Experiment 2, subjects in Experiment 3 were req ired

to read the critical stories at paced rates of speed rather than

at preferred reading rates. To check the representativeness of

subjects' reading behavior in Experiment 3 the answers to a

number of questionnaire items were analyzed. First, subjects'

comparisons of usual reading rates to rates used in the

experiment were examined. The percentage of subjects in each

experimental condition claiming that the paced reading rate was

the same as, faster than, or slower than usual reading rates are

shown in Table VII. As in Experiment 2, subjects reading at the

normal rate generally felt they were reading at or slightly above

their normal rates, with a greater tendency among those subjects

who read alternating case to claim that the pace was too fast. It

does appear, therefore, that the selected rate for normal reading

speed represents a reasonable estimate of the sampled

population's normal reading rate. For subjects in the skimming

and fast skimming conditions there was nearly uniform agreement

that the paced rates were too fast. This agreement seems to stem

from the same misinterpretation of the questionnaire item as that



AI

165

TABLE VII

SUMMARY OF RESPONSES TO QUESTIONNAIRE ITEMS REGARDING
REACTION TO PACING PROCEDURE IN EXPERIMENT 3

Case Reading Rate Paced Reading Rate Experimental
Relative to Ow. Rate Skimming Success
(Percent of Subjects) Ratings

Same Fast Slow

Normal Normal 50 9 41 --

Normal Skim 6 91 3 1.81
Normal Fast Skim 0 100 0 1.34
Alternating Normal 37 38 25 --
Alternating Skim 6 91 3 1.59
Alternating Fast Skim 0 100 0 0.41

I
+ . _
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-hich occurred in Experiment 2. That is, most subjects in the

skimming and fast skimming conditions probably compared the paced

rates to their usual normal rates of speed. Thus, these subjects

almost always claimed that the paced rates were too fast.

A more valid estimate of the representativeness of the

skimming and fast skimming rates of natural skimming rates can be

obtained by evaluating subjects' responses to the questionnaire

item asking how successful subjects believed they were in

extracting important information from the stories while skimming

during the experiment. These responses were evaluated using the

same four-point scale as that used in the first two experiments.

The mean rated subjective success in selecting important

information while skimming in the experiment is presented for

subjects in the skimming and fast skimming conditions in Table

VII. The mean for subjects in the skimming condition who read

normally typed stories was 1.81, which is very close to the

overall mean rating of success while skimming outside the

laboratory (1.90) based on all subjects in the experiment. The

subjects who read alternating case, however, did not show the

same degree of confidence in their success at selecting important

information while skimming in the experiment. The overall mean

for subjects skimming or fast skimming normal case was 1.58,

while for subjects skimming or fast skimming alternating case the

mean was 1.00. This was a reliable difference, 1 (1, 124) = 9.24,

M e = 1.158. Furt..;rmore, subjects in the skimming condition were

more confident in their skimming success (1.70) than were

I!
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subjects in the fast skimming condition (0.88), _E (1, 124) -

18.96, Me 1.158. The interaction between rate and case

approached significance, 1 (1, 124) =-'7 tf I.It, p < .06.

The interaction indicates that there was a tendency for the

detrimental effect of reading alternating case to be stronger

among subjects in the fast skimming coLtduiton. Thus, the

subjective ratings of skimming success indicate that at least for

normally typed stories the rate of 375 wpm is a representative

skimaiing rate for subjects in Experiment 3, while the rate of 600

wpm was apparently beyond usual effective skimming rates. As in

Experiment 2, these are the roles that the skimming and fast

skimming rates were meant to play.

Regarding rMponses Lu questionnaire items pertaining to

subjects' skimming habits outside the laboratory, the mean

estimate of percentage of total reading time that is spent

skimming was 33%, with a range of 0-95%. The most commonly

mentioned materials that subjects skim are newspaper and

magazines, as 30% of the subjects claimed to skim one or both of

these types of material. Parts of college work were mentioned by

16% of the subjects as materials for skimming. As in the first

two experiments, a number of other types of material were

mentioned idiosyncratically. As mentioned earlier, the mean

estimate of these subjects' confidence in their success in

selecting important information while skimming on their own was

1.90 on the four-point scale used in the earlier experiments.

This indicates a reasonably high level of confidence in

- r



168

effectiveness of skimming.

Of the subjects in Experiment 3, 20% indicated that they had

received some form of training in improving reading speed. Among

the-e subjects the mean rating of confidence in success while

skimming outside the laboratory was 1.86, very close to the

overall mean rating. With respect to these subjects' confidence

in the effectiveness of their skimming stories in the experiment,

those who were oaeed at 375 wpm (N = 12) had a mean rating of

2.67, and those paced at 600 wpm (N = 15) had a mean rating of

0.93. This difference was highly reliable, 1 (1. 25) = 25.55,

0.784- 4- -:aUg that even for those subjects who have

received training in speeded reading, the rate of 600 wpm was too

fast to allow effective selection of important information.

Finally, subjects' responses to the questionnaire items

regarding skimming strategies were very revealing. Descriptions

of skimming methods used while skimming outside the laboratory

fell into three general categories. The most commonly mentioned

strategy involved some form of selective skimming such as reading

particular paragraphs or sentences, searching for key words,

reading important points carefully, or reading headings. Of the

188 subjects responding to the questions on skimming methods, 79%

stated that they used some form of selective strategy. Glancing

over all words, or simply reading everything faster than usual

was a strategy mentioned by 10% of the subjects. Another 7% of

the subjects claimed to use the method of skipping over various

parts (words, sentences, etc.) of a text indiscriminantly or in a
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structural pattern without regaAd to semantic content in an

effort to obtain the gist. Only 4% of the subjects stated that

they use a method that involves perceiving chunks of information

(sentences or phrases) simultaneously. Two subjects specifically

mentioned that they did not subvocalize while skimming. Of those

subjects claiming to use a selective skimming strategy, 53% based

selection on certain words that are important or relevant to

goals in skimming and then read contiguous words, 18% selected

only specific sentences or paragraphs in certain locations in the

text (e.g., first and last) to read carefully, and 29% mixed the

two strategies by reading particular sentences or paragraphs

carefully and skimming the reaining material for important

points. when subjects in the skimming and fast skimming

conditions were asked if the skimming strategies they used in the

experiment differed from their usual methods, almost all subjects

gave responses indicating that there was no fundamental change,

that the rate was faster, or that the alternating case made the

task more difficult. None of the subjects who read normal case in

the skimming condition stated that their skimming strategy had

changed fundamentally. Three subjects in the skimming condition

who read alternating case described fundamental changes in their

skimming strategies. One subject who selected specific sentences

or paragraphs for careful reading and one subject who skipped

material without regard to content changed to the method of

selecting key words. One subject who read chunks simultaneously

changed to the method of swiftly glancing over the whole text.
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Five fast skimming subjects iffio read normal case claimed that

their skimming methods changed. Two changed from a mixture of

selecting key words and specific sentences or paragraphs to a

strategy of selecting only key words. One changed from the mixed

selection strategy to selecting only specific sentences or

paragraphs. One subject who ordinarily selected key words changed

to rapidly glancing over the whole text, and one subject made the

reverse switching of strategies. In the fast skimming of

alternating case condition, only one subject claimed to have

altered skimming strategies and this was a change from selecting

specific sentences to selecting key words.

Four general conclusions can be drawn from the results of

the questionnaire: (a) the extra-experimental skimming practices

of subjects in Experiment 3 are very similar to those of subjects

in Experiments 1 and 2, (b) the paced normal and skimming rates

appeared to be representative of the subjects' usual rates and

subjects, for the most part, were able to maintain their basic

reading strategies, while the fast skimming rate was beyond

comfortable skimming rates, (c) the use of alternating case

reduced subjects' confidence in their success at skimming for

relevant information during the experiment, and (d) the most

common skimming strategies involve selection of certain aspects

of the text such as key words or sentences in particular

locations in the texz and when pressured by time or the use of

alternating case those subjects who alter their skimming

strategies most often change to the method of selecting key words
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and reading contiguous information. These conclusions encourage

the assumption that subjects reading normal case at the normal or

skimming rates were able to maintain their usual reading

strategies and were reading at rates close to their usual speeds

for normal reading and skimming. The pacing procedure, then, did

not appear to severly alter usual reading processes and the

selected rates were representative of normal, skimming, and fast

skimming rates ordinarily used by these suojects.

Memor for MeaninK

Recognition performance. The mean proportion of hits and

false alarms for relevant and irrelevant statements in the

meaning test are presented in Table VIII. Performance also was

characterized by calculating d' scores for each subject as in

Experiments 1 and 2. The mean d' scores are presented in

Figure 22.

An analysis of variance of d' scores was carried out with

reading rate (normal, skimming, and fast skimming) and

typographical case (normal and alternating) as between-subject

factors and statement type (relevant and irrelevant) as a

within-subject factor. The main effect of reading rate was

reliable, F (2, 186) = 28.93, M = 0.697, indicating that as

reading rate increased, recognition performance decreased. A

Newman-Keuls test indicated that the mean d' score for the normal

reading rate condition (1.62) was significantly higher than for

the skimming condition (1.21) and each of these was reliably

higher than the mean for the fast skimming condition (0.83). The

Wi__M-
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TABLE VIII

MEAN HIT AND FALSE ALARM RATES ON MEANING TEST IN EXPERIMENT 3

Case Reading Rate Statement Type

Relevant Irrelevant

Hit FAa Bit FA

Normal Normal .83 .29 .76 .28
Normal Skim .75 .30 .75 .32
N:ormal Fast Skim .70 .36 .60 .39
Alternating Normal .86 .19 .80 .27
Alternating Skim .71 .32 .75 .35
Alternating Fast Skim .72 .41 .69 .39

aFA = False Alarm
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Figure 22. Mean recognition perforwance on meaning test as
a function of relevance in Experiment 3 (N Normal;
S =Skim; F Fast Skim).
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only other reliable effect was the main effect of statement type,

with recognition of relevant statements (1.30) significantly

higher than recognition of irrelevant statements (1.114),

£ (, 186) 4 . 78, !_-e = 0.551.

Despite the failure of any interaction involving

typographical ease to reach significance, Figure 22 suggests that

the effects of reading rate on the differential recognition of

relevant and irrelevant statements may depend on whether the

stories were typed normally or in alternating case. Two further

analyses of variance were calculated so that the possibility of

these differential effects could be more thoroughly investigated.

Separate analyses were carried out for subjects who read normally

typed stories and for those whdo read stories in alternating case.

In each analysis reading rate (normal, skimming, and fast

skimming) was a between-subject factor and statement type

(relevant and irrelevant) was a within-subject factor. Both

analyses found a reliable effect of reading rate and the patterns

of differences between means based on Newman-Keuls tests

basically conformed to the pattern observed in the full analysis.

in addition, the analysis involving subjects in the normal ease

condition indicated that the effect of statement type approached
significance, f (1, 93) = 3.29, .S.;, 0.677, w

recognition of relevant statements (1.30) greater than

recognition of irrelevant statements (1.08). The interaction

between rate and statement type was not reliable (I < 1). Or the

other hand, the analysis involving subjects in the alternating

~i -
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case condition did not reveal a main effect of statemen- type,

while the rate by statement type interaction app,=c-hed

significance, _E (2, 93) = 2.50, MS = 0.424, 12 < .09. This

interaction implies that subjects who read alternating case

better recognized relevant statements than irrelevant ones wren

reading at normal speed, but when required to skim at any rate

reasor:ably beyond the normal rate the superiority of relevant

stateuents was lost. The patterns of reading rate effects on the

recognition of relevant versus irrelevant statements zoppare..c in

Figure 22 are, therefore, at least moderately supported by the

subsidiary analyses.

In Experiment 2 when subjects wt.:e required to read

narratives typed in alternating case it was found that as reading

rate increased, the superiority of recognition of inferences and

macrostatements over microstatements increased. In contrast, when

subjects in Experiment 3 were required to read a different set of

narratives in alternating case and from specific perspectives,

the superiority of recognition of relevant statements over

irrelevant statements was eliminated. These disparate effects

could be due to the use of different materials or subjects, or to

the introduction of a new task, namely, skimming for information

relevant to a given perspective. In order to separate these

possibilities and to determine which underlies the differential

effect of rate on importance or relevance, a post hoc analysis

was carried out. The objective of this analysis was to select

macro- and microstatements from among those statements used as

i °
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test items in Experiment 3. Recognition of these two statement

types as a function o. reading rate and typographical case would

then be analyzed. If subjects show higher recognition of

macrostatrrents than of microstatements across all reading rates,

then it would be reasonable to conclude that the elimination of

the relevance effect among subjects reading alternating case was

not due to subjects or story materials. Rather, the elimination

of the relevance effect would be closely related to the

differences in task demands wh.n instructed to read for the gist

of a story as opposed to reading for information relevant to a

particular perspective.

The task of selecting macro- and microstatements from the

body of test statements used in Experiment 3 was accomplished by

obtaining importance ratings for each statement. Paraphrase and

false statements were rewritten in their original forms for the

purpose of obtaining ratings. Ten sophistocated subjects (most of

whom were graduate students in psychology) read each story and

rated its corresponding set of test statements using the same

scale as that described in Experiment 1. Three sets of ratings

were obtained for each story. The firnt was based on a story's

gist and the other two were based on each of experimental

perspectives. The latter two sets of ratings basically agreed

with original relevance classifications without providing strong

distinctions between important and unimportant relevant

statements, for example, and will not be discussed furtner. The

mean rated general importance of each statemcnt was computed, and
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on the basis of the six-point rating scale (1 unimportant, 6

very important) statements were labeled as macrostatements,

microstatements, or neither. Statements with mean ratings of 4.5

or greater were classified as macrostatements ana those with a

mean rating of 3.5 or lower were classified as microstatements.

It was found that two of the stories, one taken from Pichert and

Anderson (1977) and one from Kozminsky (1977), did not bve any

statements that were classifiable as macrostatements. These

stories appeared, therefore, to exhibit less than acceptable

amounts of narrative structu e and no statements from these

stories were used in the post hoc analysis. From the two

remaining stories six true macrostatements, five true

microstatements, and five false statements of each type were

obtained. Since each of the two remaining stories provided at

least two statements in each cell resulting from the combination

of statement type and truth value, and since each subject was

tested on one of the two stories in the meaning test, it was

possible to Liclude all subjects in the post hoc analysis. A

control analysis of recognition of relevant and irrelevant

statements based only on the two selected stories was carried

out, and the same pattern of results as those shown in Figure 22

was obtained.

The mean hit and false alarm rates on the selected macro-

and microstatements are shown in Table IX. Also, d' scores based

on hit and false alarm rates were calculated for each suLject in

the same manner as described for earl! 'r experiments. The mean d'
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TABLE IX

MEAN HIT AND FALSE ALARM RATES ON MEANING TEST AS A FUNCTION
OF POST HOC IMPORTANCE RATINGS IN EXPERIMENT 3

Case Reading Rate Statement Type

Macrostatement Microstatement

Hit FAa Hit FA

Normal Normal .90 .32 .66 .25
Normal Skim .86 .29 .65 .24
Normal Fast Skim .79 .38 .55 .44
Alternating Normal .95 .25 .72 .25
Alternating Skim .88 .39 .58 .34
Alternating Fast Skim .98 .46 .52 .41

aFA False Alarm

EEL--
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Figure 23. Mean recognition performance on meaning test as
a function of post hoc importance ratings in Experiment 3
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scores are shown in Figure 23. An analysis of v, .ance of the d'

scores was carried out including reading rate (normal, skimming,

and fast skimming) and typographical case (normal and

alternating) as between-subject factors and statement type

(macrostatement and microstatement) as a within-suoject factor.

In the analysis the main effect of reading rate was. reliable,

F (2, 186) = 10.99, M-e = 0.441. A Newman-Keuls test indicated

that subjects reading at the normal rate had reliably higher

recognition (0.93) than did subjects in the skimming condition

(0.74), and subjects in each of these two reading rate conitions

had reliably higher recognition than subjects in the fast

skimming condition (0.54). More important, recognition of

macrostatements (0.98) was significantly higher than recognition

of microstatements (0.50), E (1, 186) = 43.87, m = 0.518. The

interaction involving rate and statement type was not reliable.

Finally, there was a significant interaction betueen reading rate

and case, E (2, 186) = 3.27, M-e = 0.441. This interaction

followed the same pattern as the rate by case interaction

described in Experiment 2. At the normal reading rate, case had a

mildly facilitative effect (of. Kolers, 1975b) on recognition

(normal case = 0.86, alternating case = 1.00). Alternating case

was detrimental at the skimming rate (normal case = 0.87,

alternating case = 0.62) but had no effect at the fast skimming

rate (normal case = 0.50, alternating case = 0.59). Another way

to interpret this interaction is to consider the amount of

decrement in recognition as reading rate increases. For normal
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case there was virtually no decrement as the rate increased from

normal to skimming, but a rather large decrease in recognition

occurred when the rate reached fast skimming. For alternating

case, however, a large decrease in recognition was found when the

rate changed from normal to skimming and only a small decrease

was observed when the rate was moved to fast skimming. The

tendency for the decrease in recognition of meaning performance

as a function of reading rate to decline markedly at a lower

reading rate when alternating case was used was also found in

Experiment 2 and was apparent (though not statistically

supported) in the recognition of relevant and irrelevant

statements in Experiment 3. The consistency of this effect

suggests that a fundamental change in processing occurs when

subjects begin to skim alternating case. Specifically, it appears

that as soon as subjects skim, the role of whole word visual

identification processes is highlighted and any manipulation

(e.g., use of alternating case) that inter.'?res with these

processes will cause a general decrease in the completeness and

accuracy of a memory representation.

The results of the two sets of analyses of recognition of

meaning in Experiment 3 strongly argue in favor of the suggestion

that readers can more readily extract macrostructure information

from stories than they can selectively process statements

relevant to a given perspective. One probable cause of this

effect is the relative degree of resource requirements in reading

for gist compared to reading for particular kinds of information.
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The processing demands appeared to be greater in the task of

reading for particular kinds of information, as selective

processing was prevented when the added demands of alternating

case were imposed. Notice that comprehension and recognition

degraded gracefully (Norman & Bobrow, 1975) and did not suffer a

complete breakdown as demands on resources exceeded readers'

processing capacities. It is as if the subjects fotaid that the

task of decoding alternating case and reading from an assigned

perspective could not both be adequately executed and they

therefore allocated processing resources (Navon & Gopher, 1979)

in a way that would allow at least some information to be

decoded. That is, rather tnan attending to relevance to a great

extent, subjects processed information in a general way, forming

macrostructures and permitting selective processing of relevant

information to lapse. Resources for selection of relevant

infornation and development of a special comprehension structure

based on that information were not available due to the added

demands of reading alternating case. In keeping with the

alternatives discussed by N n and Gopher (1979), however, it is

also possible that decoding and comprehension processes do not

draw on a single common pool of cognitive resources but, instead,

overlap in their dem.nds on processing mechanisms that possess

their own resource capacities. This possibility, in fact, is more

favorable to the general theory of interactive processes which

emphasizes interdependence of subskills such as decoding and

comprehension and mutual dependence on various other processing
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mechanisms.

Irrespective of the problems caused by reading alternating

case, subjects who read normally typed stories were able to

maintain a strategy of selective processing of information even

when skimming at 600 wpm. The size of the relevance effect was

not as large or as stable as the importance effect observed in

comparisons of macro- and microstatements, but it does provide

evidence that readers are capable of selecting and elaborately

processing statements pertaining to a specific 6oal while

skimming. Subjects were able to determine which aspects of a text

were relevant to the perspective and wei-e able to elaborate the

processing of those statements to form a memory representation

centered around relevant information. Selective processing of

relevant information occurred in the context of rzaeroteucbure

development (note the sizable importance effect in the post hoc

analysis) and, while there is no direct evidence, this finding is

consistent with the possibility that selective processing of

information relevant to a specific goal is done in conjunction

with and possibly under the guidance of processes responsible for

developing macrostructure representations.

Reac time s. Reaction time data in Experiment 3

were prepared in the same way as data in the previous

experiments, except that any reaction time value in excess of 15

see was reduced to 15 see before a subject's mean reaction time

for a specific statement type was calculated. The mean time taken

to verify true statements is shown in Figure 24. The analysis of



184

NORMAL CASE ALTERNATING CASE
4.6

.) 4.4

ill 0 RELEVANT
t4 + IRRELEVANT• .., 4.2

il

4.0

:z ~3.8

3.6

Li 3.4

3 .2 4 .

N S FN S F

READING RATE
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variance of these data found no significant effects. Of interest

here is the fact that regardless of reading rate or case, once

subjects had established a memory representation of a text's

meaning any aspect of the representation that was accessible

could be recognized quickly. This result is unlike the tendency

in Experiment 2 for subjects to verify macrostatements more

rapidly than microstatements. The decrease in, reaction time to

relevant statements in the normal case skimming conaition

apparent in Figure 24 was not reliable, and probably represents a

speed-accuracy trade-off effect (Pachella, 1974) in that the

relevance effect in that condition was lower than for the normal

rate and fast skimming conditions. It is possible that memory

representations based partly on relevance do not draw as strong a

distinction between relevant and irrelevant info.ation as do

representations based only on macrostructures.

Reaction _Ume for correct reiections . The mean reaction time

for correct rejections is presented in Figure 25. No reliable

effects were found in the analysis of variance. If a statement

was not consistent with information in a story, regardless of its

relevance to the assigned perspective, it was rejected after

about 4 see of processing:.

R t time for fals alarm . The mean time taken by

subjects to incorrectly accept a false statement is presented in

Figure 26. An analysis of variance found that only one effect

approached significance as reading rate and case tended to

interact, 1 (2, 186) 2.75, J§ = 2.786, R < .07. As reading

Ii
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rate increased reaction time in the normal case condition

increased, indicating a greater degee of caution and tcertainty

about memory representations. In the alternating case condition,

th.ough, increased reading rate led to lower reaction times,

implying that subjects had sufficiently low confidence in their

memory representations that they would more rapidly accept

statements that appeared at least partially correct.

Reaction time for misses. 'nhe mean reaction time for failing

to ver-ify a true statement is shown in Figtu'e 27. T!he orly

reliable effect in the analysis of these data was the statement

type effect, £ (1, 186) e6.06, = 2.201. Subjects considered

true relevant statements longer (.484) before rejecting them

than they did true irrelevant "staements (4.112). This effect may

represent a facet of the memory representation of a story after

reading for particular information or a response bias to consider

apparently relevant test statements more carefu ly than

irrelevant ones.

Qeo for Surface Structure

F econition 2erformance. Hit and false alarm- rates were

calculated for each subJect as in earlier experiments, and the

mean rates are presented in Table X A d' score for each

statement type was calculated for each subject as in earlier

experiments and the mean d' scores are presented in Figre 28.

The analysis of these scores found ory a main effect of reading

rate to be reliable, 1 (2, 186) = 4.95, & = 0.398. As reading

rate increased, recognition performance decreased. A Neiman-Keuls
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TABLL X

MEAN HIT AND FALSE ALARM RATES ON SURFACE TEST IN EXPERIMENT 3

Case Reading Rate Statement Type

Relevant Irrelevant

Hi t FAa Hi t FA

Normal Normal .69 .52 .64 .48
Normal Skim .60 .52 .64 .48
Normal Fast Skim .61 .56 .54 .46
Alternating Normal .68 .50 .65 .49
Alternating Skim .61 .47 .61 .46
Alternating Fast Skim .63 .58 .58 .47

aFA False Alarm

r

_ _ _ _
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Figure 28. Mean recognition performance on surface test in
Experiment 3 (N = Normal; S = Skim; F Fast Skim).
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test found that while recognition scores in the normal (0.45) and

skimming (0.37) conditions did not differ reliably, both were

significantly greater than recognition scores in the fast

skimming condition (0.21).

The deterioration o surface memory as reading rate

increased is consistent with the findings in Experiments 1 and 2

and adds further support to the hypothesis that when subjects

skim they are not able to fully process surface structure. The

use of alternating case did not contribute significantly to the

decline of surface memory, possibly because subjects opted to

devote more attention to decoding processes and allow selec'tive

processing of relevant information to lapse. The combination of

reading rapidly and attempting to maintain selective processing

may have prevented subjects in the normal case condition from

devoting more attention to complete execution of decoding

processes than subjects in the alternating case condition.

Reaction time for hits. The mean reaction times for hits are

shown in Figure 29. An analysis of variance failed to reveal any

reliable effects, again indicating that regardless of reading

conditions subjects were equally fast in correctly recognizing

surface structure of statements they had read, even though

subjects possessed differing degrees of knowledge about surface

structure.

Reaction &" Ir correct rejections. The meaa reaction

times for correct rejections are presented in Figure 30. The

analysis did not find any reliable effects, as reading conditions

+ I
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did not affect the time required by subjects to reject paraphrase

statements.

Reaction time for false alarms. Mean time taken by subjects

to incorrectly accept a paraphrase statement is shown in Figure

31. An analysis of these data showed that there was a reliable

interaction of reading rate and case, - (2, 186) = 3.23, ha

3.262, indicating that the reaction time for subjects in the

skimming condition who read alternating case was particularly

high. There was also a reliable interaction between case and

statement type, _ (1, 186) = 4.77, MR 1.347. According to

subsidiary analyses, subjects in the normal case condition tended

to be quicker to accept relevant paraphrase statements as

verbatim than irrelevant ones, 1 (1, 93) = 3.52, V_ = 1.227, 2 <

.07, while no effect of relevance was apparent for subjects in

the alternating case condition.

The slower reaction time for subjects in the alternating

case condition who skimmed the stories probably was due to a

speed-accuracy trade-off effect as these subjects also -had the

lowest false alarm rates (see Table X). For those subjects who

read normally typed stories the greater familiarity with the

meaning of relevant statements evidently led to more ready

acceptance of surface structure of paraphrase statemcnts.

iontime for misses. The mean time taken by subjects

before rejecting a verbatim statement is presented in Figure 32.

None of the effects in the analysis of these reaction times

reached signifiv:ance. Subjects were apparently able to

M-
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exhaustively search their repreEentations of surface structure in

about the same amount of time, though not necessarily at the same

rate, regardless of reading conditions.

Summary and Cu. :!lusions

Responses to the questionnaire administered to subjects at

the end of the experimental session provided information abour,

skimming strategies that subjects claim they use. For the most

part subjects used some kind of selection strategy with more

elaborate processing of selected information. The fast skimming

and alternating case conditions caused some subjects to alter

their skimming strategies and among these subjects most switched

to some form of selection strategy from a nonselection strategy.

The selection strategies described by subjects were similar to

the key elements in Maxwell's (1973) method of teaching skimming.

This method involved selection of critical words and construction

of major ideas from them based on prior knowledge of the text's

topic. Questionnaire responses also reliably foreshadowed the

effect. of reading rate and alternating case on the subjects'

success in extracting relevant information from the stories.

Self-ratings of effectiveness in skimming were sensitive both to

the use of alternating case and fast skimming manipulations.

Recognition of meaning per-for mance provided evidence that, in

fact, when forced to skim at 600 wpm subjects' memory performance

declined below that observed when subjects read at normal or

moderate skimming rates. Evidence with a limited degree of
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reliability was also provided showing that alternating case

interfered with subjects' ability to select and elaborately

process relevant information. A post hoc analysis of

macrostructure formation, however, showed that subjects were able

to form representative macrostructures under any of the reading

conditions. Surface memory suffered under speeded reading

conditions but not under alternating case conditions. Note that

in Experiment 2 when success in skimming was defined oy formation

of a macrostructure, self-ratings in skimming success were not

decreased and eventual formation of macrostructures was not

prevented by the use of alternating case.

The effect of statement relevance on recognition memory was

not as strong, either in terms of accuracy or reaction time, as

was the effect of statement importance in Experiments 1 and 2.

Part of the cause of a diminished effect of statement type in

Experiment 3 probably is related to the fact that relevant

information in the critical stories was embedded in other

irrelevant information and not readily discernible. As a result,

subjects had to process irrelevant information more carefully

before reliable judgments about relevance could be made and

relevant information could be more elaborately processed in

development of the memory str'ucture. Subjects were able to

maintain a reasonable degree of selectivity in their processing

as reading rate increased, so long as stories were typed

normally. Use of alternating case led to a breakdown of selective

processing as soon as subjects began to skim. While the variables

L ! - _ _ _ _ _ _ _ _ _ _ _
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of rate and case were manifesting their effects on subjects'

ability to selectively process relevant information, subjects

were proceeding without setback in their development of

macrostructures. The formation of macrostructures seez: to be a

fundamental part of reading and successfully went on in

conjunction with (sometimes unsuccessful) attempts to selectively

process information relevant to a perspective.

The fact that subjects in the alternating case condition

could not selectively process relevant information when skimming,

even though that was their primary goal, while they were able to

form a representative macrostrLcture, suggests a number of

theoretical possibilities. One possibility that will be

elaborated here is that the requirements of decoding alternating

case and maintaining a system of selective processing of

information based on criteria imposed by an assigned perspective

exceeded subjects' processing resource limits (Norman & Bobrow,

1975) when skimming. Decoding can be done efficiently when

reading normal case, possibly through the use of whole word

visual identification mechanisms. More controlled processing

(Shiffrin & Schneider, 1977) of surface structure must be done,

however, when decoding alternating case, causing too great a

demand on cognitive processing resources for both decoding and

selective processing to ocetw during skimming. Consequently,

subjects elected to focus on decoding and slackened selectivity

criteria so that at least some information could be accurately

processed. The necessity of accurate surface processing,

I=
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particularly in decoding alternating case, when searching for

perspective-relevant information is reflected in rather high

(above chance) surface memory recognition performance and in the

finding that surface memory was not negatively affected by use of

alternating case.

A related theoretical explanation of the loss of the

relevance effect when subjects skimmed alternating case is based

on Navon and Gopher's (1979) recent suggestion that two primary

processing tasks may show interference effecis if they both rely

on a processing mechanism or set of mechanisms that requires

processing caoacity and allocation of that mechanism's or set of

mechanism's capacity to both primary processing tasks is not

feasible. With respect to the effects observed in Experiment 3,

it may be argued that decoding and selective processing of

perspective-relevant information are two processes that are

dependent on a set of mechanisms responsible for formation of' a

macrostructure while reading. These mechanisms require processing

capacity and are hypothesized to involve the use of conceptually

and data driven processing of a text in an effort to extract

information relevant to a basic story schema so that a

macrostructure can be formed. Processing resources associated

with macrostructure formation can be allocated to such tasks as

decoding to aid in efficient, conceptually driven reading, and to

the maintenance of selectivity criteria that are reaponsible for

selection of perspective-relevant information. If the combination

of decoding and selactivity place excessive demands on the

m 4
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resources of the macrostructure formation process, an austere

policy of allocation must be put into effect in which one of the

primary tasks of decoding or selectivity must suffer. In the case

of Experiment 3 it is apparent that a greater allocation of

processing capacity was provided to the decoding process so that

subjects would be able to extract at least some information and

successfully form a macrostructure.

This alternative theoretical formulation is quite similar to

the one based on the notion of a single, common pool of

processing resources but is preferred over that account for two

reasons. First, it takes into account the elegant arguments

developed by Navon and Gopher (1979) in favor of a multiple

resource theory. Second, it helps to elucidate the functions of

conceptually and data driven processes in decoding and

macrostructure formation. It also points up the interdependence

of processes, as it probably is no coincidence that

macrostructures were formed when decoding of textual information

was successful even if a price was paid in terms of lack of

selective processing of perspective-relevant information. The

pattern of results is consistent with the notion that developing

a memory structure that favors perspective-relevant information

is dependent on the concurrent formation of a macrostructure. On

the other hand, processing mechanisms responsible for development

of a macrostructure are not reliant on selectivity of processing

of perspective-relevant information. Macrostructure formation
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appears to be the process most closely associated with the

fundamental, resource-rich mechanisms of reading.



CHAPTER V

EXPERIMENT 4

The experiments reported thus for have all been concerned

with recognition tests of subjects' memories for stories they

have skimmed. Experiment 4 was an extension of the evaluation of

memory representations that involved the examination of recall

protocols. The rationale for studying recall data was that in

recalling a story subjects are in a position to indicate which

aspects of text information they have represented in memory and

how those apsects are organized. Clearly, subjects are more

likely to recall centrally important information than unimportant

details, and while details may be recognized in a verification

task, the probability of their being output in a recall test is

low. Thus, recognition tests may not reveal the full distinction

between important and unimportant information which characterizes

macrostructure representations.

Another procedural difference between Experiment 4 and the

earlier studies was that reading rate was manipulated as a

within-subject variable using the pacing procedure. It was hoped

that even more stable comparisons of the effects of different

reading rates on comprehension and memory could be obtained if

each subject was observed at each reading rate. It was also

expected that with the questionnaire items regarding skimming

strategies and changes in strategies it would be possible to

determine how skimming strategies operate and change

I
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within-individuals as reading rate increases.

While recall protocols can provide information about which

aspects of a story subjects are likely to remember,

generalizations about recall protocols cannot be concise unless

some definition of text structure can be applied. In the first

three experiments text structure was characterized by degree of

importance of test statements. Greater recognition of important

than of unimportant statements was taken as evidence that a

macrostructure-like representation had been formed. In Experiment

4 a more strict definition of text structure was imposed using

the text ,'1cessing model developed by Kintsch and van Dijk

(1978). Recall protocols were scored using Kintsch's (1974)

propositional scoring method to obtain a recall profile across

propositions of each story. The observed profiles or patterns of

recall were then compared with predictions based on the text

comprehension and production model described by Kintsch and van

Dijk. The specific, computer implemented version of the model

that was used was described by J. Miller and Kintsch (1979), and

a summary of that version of the model is provided in the next

section. Comparison of obtained data with predictions based on

the text processing model will serve not only to provide the

recall data with a reasonable structural organization, but will

also, importantly, provide an interesting test of the model.

Specifically, recall protocols obtained from subjects when

reading at a normal rate should be successfully simulated by the

model, given that the model's basis rests on normal reading

f WW
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processes. Successful simulation would also indicate that the

procedures used to establish reading rates did not seriously

alter the usual macro-operations predicted by the model.

Moreover, claims about the use of macro-operations during

skimming could be tested by evaluating the success of the model

in simulating recall protocols given after skimming stories. If

the model can predict these recall protocols, strong evidence for

the use of macro-operations during skimming will have been

obtained, and the processing model itself will have gained claim

to a greater degree of generality than originally supposed.

Text Comprehension and Production Model

The version of Kintsch and van Dijk's (1978) text processing

model that has been implemented by J. Miller and Kintsch (1979)

preserves the fundamental concepts of macrostructure

representation, cyclic processing, and limitations of working

memory. In general, the programmed implementation of the model

works toward a representation of a text that iE based on the

relative importance of key propositions in the text structure

(Kintsch & Keenan, 1973; Kintsch, Kozminsky, Streby, McKoon, &

Keenan, 1975; McKoon, 1977) and the coherence relations between

propositions in the text (Kintsch & van Dijk, 1978). These

criteria are used in selective processing of key propositions for

the development of a memory representation.

F The critical assumptions of the model are as follows. Chunks

of the text (sets of propositiona) are processed simultaneously

___ - ____ m
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in a single cycle of the program. Only a limited number of

propositions can be included in a chunk, and this number is

determined by one free parameter and aspects of text structure.

Propositions will be selected consecutively from the proposition

list representing the text for inclusion in a processing chunk

until either a sentence boundary is reached or all of a number of

text-dependent criteria are met. These criteria, generally

stated, are: (a) at least two propositions have been selected,

(b) the next unselected proposition in the list is not associated

with the most recently selected proposition in either an

embedding, modifier, or shared argument relationship (Kintsch,

1974), and (c) at least some minimum number, 1, of words in the

text have been included in the chunk. These criteria depend both

on zzpects of the surface structure of the text itself and on the

text's propositionalized representation. Once a chunk has been

established, each constituent proposition is then given some

probability, .2, of being processed into long-term memory such

that it will be reproduced in a recall or summarization task. In

this way, .2 captures a combined probability of successful

encoding and production. The constituent propositions are also

arranged in a continually growing coherence graph (Kintsch & van

Dijk, 1978), that indicates the pattern of argument overlap and

reference among propositions. In order to maintain coherence

across processing cycles, the next cycle begins with a selection

01 a subset of prop( _tions from among those present in the

previous cycle for inclusion in the current cycle. The coherence
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graph can then be expanded to include the new chunk of

propositions and proper coherence relations will be drawn to

previously processed propositions. Two aspects of the selection

of propositions to be held over for the next cycle are important.

First, only some maximum number, s, can be held over due to

limitations of working memory. After the first processing cycle

only, s can be expanded to include one additional proposition to

account for additional allocation of resources at the beginning

of a story as the reader makes ar: effort to initiate some kind of

organizational structure for the story's content. The value of §

may also be expanded by one in exceptional cases after later

processing cycles as noted below. The second critical aspect of

the selection process is the heuristic for deciding which

propositions to include. The heuristic found to be most

successful in simulations (Kintsch & van L-ijk, 1978) is the

Igading ed strategy (Kintsch & Vipond, 1979). This strategy

makes use of the coherence graph as it develops after each

processing cycle and consists of selection of the most recently

occuring propositions at each level of the graph. Selection

tegins at the highest level and ends when _ propositions have

been selected. If the _th proposition is involved in an embedding

relationship with a proposition not yet selected, then _ will

temporarily be expanded by one to include that proposition.

Furthermore, if the _s-ltb selected proposition is involved in an

embedding relation with a proposition at the next level and the

latter proposition is not the most recent at its level, it will

4
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be selected as the _sth entry into working memory rather than the

most recent proposition and no expansion of s will occur.

Inclusion in multiple processing cycles through the

selection process is what determines the relative probabilities

of encoding and production of the different propositions.

Probability, 2, of encoding and production is applied to a

proposition each time it is included ui a processing cycle. Thus,

the more important a proposition's role in the coherence graph,

the more often it will be included in processing cycles and the

higher its likelihood of encoding and subsequent production. The

macrostructure representation of a story, then, is defined by the

nature of the coherence graph and the parameters _ and 1, which

control the number of processing cycles and the frequency with

which propositions are carried over in multiple processing

cycles.

Of interest in Experiment 4 was whether or not the text

processing model would successfully predict recall protocols in

skimming conditions anJ, if so, what parameter changes would be

necessary in obtaining reasonable predictions. Changes in -0 and i

would indicate alterations in the amount of information held in

working memory and the amount of information processed in each

cycle. The nature of the macrostructure would also be altered.

The quality of comprehension, especially with respect to later

recallability, would be captured by the parameter p.

f
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Method

Subjects

The subjects were 72 students recruited from the same

population as that used in the previous experiments.

Materials

The 500-word narrative used in the preliminary reading task

in the first three experiments also was used in Experiment 4.

Seven other narratives of about 500 words each were

developed: three test and four practice stories. The three test

stories contained a particular critical paragraph located near

the middle of the story. These critical paragraphs were among

those used by J. iller and Kintscb (1979) in their simulation of

recall protocols and, therefore, an external criterion of

comparison was available. The critical paragraphs, the number of

propositions in each, and the title of the corresponding test

stories are presented in Appendix C.

The stories were typed single spaced, right and left

justified on separate pages. An appropriate title was typed

centered at the top of each story page. Three story orders were

arranged representing a Latin square counterbalancing of order of

the test stories. The practice stories always appeared in the

same location, one at the beginning and another before each test

story. A blank colored page was inserted before each story and a

page that contained a summary of recall instructions was appended

to the front to complete the construction of each story booklet.

Three booklets of each story order were made.

E
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Recall booklets were composed of a cue and a recall page for

the first practice story and for eac h test story. The cue page

gave a brief description of the critical paragraph that the

subject was to recall from the story that had just been read, and

the recall page contained blank lines. These pages were inserted

into a folder so that when the subject opened the folder to the

materials for a specific story, the cue page was on the left and

the recall page was on the right. The cue used for each critical

paragraph is shown in Appendix C. Three spts of recall folders,

each corresponding to one of the counterbalanced orderings of

test stories, were prepared.

Three sets of pacing tapes were constructed with the same

rates (225, 375, and 600 wpm) and general design as that used in

Experiment 2. Each set represented a Latin square counterbalanced

ordering of the three reading rates. The first paced rate was

always 225 wpm and the other six were o-,dered in pairs such that

each pair corresponded to one of the three rates and followed the

counterbalanced ordering of rates.

The counterbalancing of story order and order cf reading

rate were combined to form nine combinations, so that each test

story was read at each position in the story order at each

reading rate. Eight subjects were assigned to eacn of the nine

combinations according to order of appearance at the laboratory.

Procedure

Subjects participated in groups ranging in size from one to
0
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six. An experimental session began with the preliminary reading

task used in the earlier experiments. Afterward, subjects were

given the story and recall booklets and they read the recall

instructions which stated that they would be required to recall,

as completely and accurately as possible, one paragraph cued from

each test story. The pacing procedure was explained as in

Experiments 2 and 3, then subjects read the first practice story

at the paced rate of 225 wpm and attempted to recall the

appropriate paragraph. A period of 5 win was allowed for recall,

after which the experimenter reviewed the procedure to oe sure

that subjects understood the requirements of the reading and

recall tasks. The remaining stories were read and tested in three

cycles. Each cycle began with an explanation of the reading rate

that was in effect, followed by the paced reading of two sto,'ies

in a row, first the practice then the test story. The practice

story was meant to allow subjects to adapt to the rate in effect.

After reading the test story, subjects turned to the next blank

page in their story booklet, then opened their recall folders to

the next section and were allowed up to 5 win to recall what they

could of the cued paragraph that was present in the test story

they had just read. Time allowed for recall was ample in all

cases. After ccmpletion of the reading and recall cycles subjects

completed the form of the reading questionnaire used in

Experiment 3. Items relevant to rate adaptation were to be

answered with respect to each of the three reading rates used in

the experiment.

__7
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Results

Questionnaire

Subjects in Experiment 4 seemed to have skimming habits

similar to those described by subjects in the earlier studies.

The mean estimate of percentage of total reading time spen%

skimming was 29%, with a range of 0.05-75 . Newspapers and

magazines were the most commonly mentioned topics for skimming,

as 44 of the subjects indicated that they skim one or both types

of material. Aspects of college work were mentioned by 22% of the

subjects as topics for skimming and 15% of the subjects statei

that they had received some form of speeded reading training. The

mean estimate of subjects' confidence in their success in

selecting important information while skimming outside the

laboratory was 1.72, based on the four-point scale of zero to

three used in the earlier experiments. Subjects who claimed to

have had training in speeded reading expressed higher confidence

in their skimming abilities, with a mean rating of 2.15. With

respect to mean estimates of skimming success in the experiment,

at the skimming rate the mean rating was 1.69, very close to the

value for independent skimming, and the mean rating for fast

skimming was 1.57. The rather high rating for fast skimming may

have been due to failure on the part of some subjects to

distinguish between the two skimming rates in providing their

responses and the subsequent use of the same rating value in

calculation of the means for both skimming and fast skimming.

Another indication that subjects adapted well to the reading
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rates used in Experiment 4 was found in comparison of

experimenter-paced and self-pacel rates. For the normal reading

rate, 51% of the subjects claimed the paced rate matched their

own normal rates, while only 21% claimed the paced rate was too

fast. The paced skimming rate was also representative of

self-paced rates as 53% of the subjects felt that the paced rate

was close to their own skimming rates, and 43% stated that it was

too fast. For the fast skimming rate, however, only 18% of the

subjects claimed that the paced rate was the same as their own

fast skimming rates, while 82% felt the paced rate was too fast.

The description of skimming strategies followed the pattern

set by subjects in Experiment 3 rather closely. A selective

skimming strategy of one sort or another was described by 79$ of

the subjects, 131 claimed they use the procedure of glancing over

all words or reading everything faster than usual, 6% said they

try to perceive chunks of a story simultaneously, and 3% stated

that they skip various parts of a text indiscriminantly or

without regard to semantic content. Of those subjects who

ordinarily use a selection strategy, 54% base selection on key

words, 24% base selection on specific sentences or paragraphs in

certain locations in the text, and 22% mix these two strategies.

Fundamental deviations from these described strategies due to the

pacing procedure were mentioned by only five subjects. Two

subjects changed fLom a selection strategy to a nonselection

strategy, two switched in the opposite direction, and one altered

the form of the selection strategy ordinarily in effect.
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Simulation of Recall Protocols

Recall protocols were scored using Kintsch's (1974) system

of propositional analysis and scoring. The mean proportion of

propositions recalled from each critical paragraph at each

reading rate is shown in Table XI. It is clear that while the

paragraphs differ in general level of recall, all three exhibited

decline in recall peformance as reading rate increased.

A more detailed analysis of the characteristics of recall

protocols was provided by attempts to simulate these data with

the text processing model described above. Possible values of .1

were constrained by text structure and maximum sentence length.

On some occasions a range of .1 values produced the same pattern

of cyclic processing, so the range of values was combined and

only the minimum value will be reported. Values of _s ranging from

one to five were tested. For each combination of i and . a hill

climbing parameter estimation routine was used to find the value

of _p that minimized the chi-square goodness-of-fit comparison of

observed and predicted frequency of recall of each proposition.

In calculatir- chi- square goodness-of-fit values a

convention used by J. Miller and Kintsch (1979) was adopted. It

was assumed that a few propositions will not be output during

recall because of their low degree of importance in the text.

Even if subjects remembered such propositions they probably would

not write them down in a recall test. These propositions

generally are modifiers and an example from the Panda paragraph

is the fact that panda bears are excellent climbers. While

- ~ - - ..=m
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TAKLE XI

MEAN PROPORTION OF PROPOSITIONS RECALLED IN EXPERIMENT 14

Paragraph Reading Rate

Nonna) Skim Fast Skim

Hitchcock .450 .398 .266
Panda .1433 .325 .168
Roses .533 .1425 .204
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subjects are likely to write down the fact that pandas can climb,

they may well amit the fact that they are excellent climbers.

Propositions such as these were not included in the calculation

of chi-square values. An objective criterion for excluding or

Drunin propositions involved two steps. First, any proposition

with a recall frequency across all subjects that was more than

one standard deviation below the mean frequency was considered

for pruning. Usually propositions recalled by fewer than three or

four subjects of the 24 who read the test story at the rate in

question met this part of the criterion. Next, propositions that

were redundant with respect to information already in the

developing coherence graph were pruned while other propositions

were retained under the assumption that they were poorly recalled

for other, unaccountable reasons. Pruned propositions usually

were modifiers or details related to such things as the setting

of the story.

The best fitting parameter estimates and corresponding

chi-square values for each story and each reading rate are shown

in Table XII. Two bases for pruning were used. The rate-specific

basis allowed pruning to be based on the recall data specific to

the reading rate being simulated. The general result was a

greater number of pruned propositions at the skimming and fast

skimming rates. Propositions in these two reading rate conditions

were pruned just as long as Vney met the criterion of one

standard aeviaclon below mean recall frequency, as it was felt

that skimming processes may be responsible for as type of

_7;M!
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TABLE XII

PARAMETER ESTIMATES AND CHI-SQUARE GOODNESS-OF-FIT VALUES

Paragraph Parameter, Basis of Pruning
Priming

Index, or Rate-Specific Normal Rate
Chi-Square

Value Reading Ratea

N S F S F

Hitchcock i 6 6 6 6 6
- 3 3 3 3 3

b .346 .326 .206 .302 .216
P2 5 3 2 2

X 28.60 15.24 4 4 . 3 3 F 32.60 4 6 . 2 3c
df 21 18 20 21 21

Panda i 14 13 13 13 13
2 1 1 1 1

-2 .413 .339 .162 .335 .176
, 5 6 3 5 5

38.50 16.74 28.86 18.67 25.34
df 23 22 25 23 23

Roses . 6 16 6 16 6
5 4 5 4 5

.401 .441 .142 .419 .131
P 4 8 8 4 4
£ 30.33 40.40c 20.69 56.30c 36.61
df 24 20 20 24 24

aN = Normal; S Skim; F = Fast Skim

bp Number of propositions pruned

c< .O
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selectivity not found at normal reading rates. Nevertheless,

pruned propositions generally were modifiers or similar details

and not centrally important propositions. The normal rate basis

for pruning simply involved allowing exactly tho.s:e propositions

pruned in the normal reading rate condition to be pruned in

either skimming or fast skimming conditions.

Once the pruning criteria had been applied, chi-square

goodness-of-fit values were calculated on the basis of the

observed and predicted frequency of recall of each proposition in

a paragraph. Low chi-square values indicated that the pattern of

recall frequencies across propositions was replicated by the

model with a reasonable degree of accuracy. In such cases, the

recall data and model agree on which propositions are most

central to the paragraph and, hence, are more likely to be

recalled.

With respect to the model's success in fitting the recall

protocols in the normal reading rate condition, all three

paragraphs were successfully simulated. The chi-square values

were quite acceptable and similar to those obtained by J. Miller

and Kintsch (1979). They obtained the same optimal values of i

and _§ for the Hitchcoc and Panda paragraphs, while for Roses

they found that 1 = 13 and s = 1 were optimal. Their optimal

values of _ were generally higher than those obtained here as

their subjects read the critical paragraphs in isolation rather

than embedded in longer stories, and so recall was much higher.

The chi-square values obtained in simulation of the skimming
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and fast skimming conditions were very good, particularly when

rate-specific pruning was used. The model had some difficulty

with Hitchcock at the fast skimming rate and with Roses at the

skimming rate, but otherwise the model fared very well, with

chi-square values as good as or better than those obtained in the

normal reading rate condition. The parameter changes necessary to

obtain the successful simulation of protocols in the skimming and

fast skimming conditions can easily be summarized. The values of

,J and _p clianged very little, except in the relatively poor fit of

Roses in the skimming condition. The most noteworthy parameter

change was in 2, which generally decreased as reading rate

increased.

An example of the model's success in predicting the

recallability of selected important and unimportant propositions

as reading rate increases is presented in Table XIII. Obtained

and predicted data are in general agreement as to wich

propositions will maintain a relatively high probability of

recall even after skimming. A further example of the model's

predictions is provided in Appendix C. For each reading rate

condition, propositions from the Panda paragraph that were

predicted to be recalled by at least 10 subjects were written out

in English to provide protocols that simulated recall of facts

actually contained in the text.

MOW
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TABLE XIII

OBSERVED AND PREDICTED PROBABILITIES OF RECALL OF SELECTED
IMPORTANT AND UNIMPORTANT PROPOSITIONS FROM "PANDA" PARAGRAPH

Sample Propositions and Reading Rate
Reference Numbers

Normal Skim Fast Skim
No. Proposition 0 a be 0 P 0 P

2 (THINK SCIENTISTS 3) .79 .80 .75 .'-1 .46 .41
3 (RELATIVE-OF PANDA BEAR) .92 .66 .83 .56 .54 .30
9 (CLASSIFY SCIENTISTS 10) .67 .66 .62 .56 .33 .30

10 (RELATIVE-OF PANDA RACCOON) .92 .96 .83 .92 .54 .65
24 (ISA PANDA CLIMBER) .42 .66 .25 .34 .29 .16
8 (TIME: TODAY 9) .46 .41 .38 .34 .08 .16

20 (WALK PANDA SOLE) .62 .41 .33 .34 .08 .16
21 (OF SOLE FEET) .25 .41 .25 .34 .04 .16
22 (LIKE 20 23) .50 .41 .29 .34 .08 .16
23 (WALK BEAR) .50 .41 .29 .34 .03 .16

a0  Observed

bp = Predicted

cPredictions based on rate-specific pruning

i
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Discussion

The questionnaire data indicated that subjects in Experiment

4 were similar to subjects in the other experiments, both in

terms of their usual skimming habits and strategies and in, terms

of their ability to adapt to the pacing procedures used in the

experiment. The reading behavior of subjects in the experiment

appeared to be representative of their usual reading processes.

This fact is important in evaluating the validity of the recall

protocols obtained in Experiment 4. Given that the protocols are

valid, success in simulating them provides valuable evidence in

favor of the underlying simulation model.

In general, the text processing model developed by J. Miller

and Kintsch (1979) was highly successful in simulating recall

protocols taken after normal reading or skimming of stories.

Embedding of the critical paragraphs in longer texts did not

seriously affect performance of the model. This fact is somewhat

surprising given that the model's predictions are based on

structural coherence of propositions rather than the relationship

of currently processed propositions with semantic content

occurring much earlier in the text. The similarity of optimal

parameter values found here and by J. Miller and Kint-"h (where

paragraphs were read in isolation) points up the relative

importance of the role of local coherence relations in predicting

recall.

Moreover, the success of the model in predicting recall

protocols in the skimming and fast skimming conditions was

_____ '=
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striking. The fudamental assumptions of the model pertaining to

cyclic processing, holding over selected propositions for the

next cycle, and limitations of working memory in the process of

holding over propositions were shown to be valid possibilities

not only for normal reading but also for skimming. In fact, the

basic aspects of these processes, captured by the parameters I

and s, remained virtually the same across reading rates. As

mentioned above, these are the parameters that control the nature

of the macrostructure and their constancy over reading rates is

very revealing of the similarity of the macrostructure to be

expected when reading normally and when skimming. Only the

parameter p showed a large change and the number of rate-specific

pruned propositions increased with reading rate. The lower values

of p could be interpreted as poorer comprehension, possibly due

to inccmplete processing of surface structure, or less elaborate

or extensive encoding into long-term memory due to time

constraints. The increase in the number of detail propositions

that were pruned probably reflects the tendency for subjects to

skip over certain details while skimming.

A description of skimming processes from the point of view

of the text processing model might be as follows. A number of

propositions are selected for processing as a group. The number

selected is about the same or possibly less than that for normal

reading, but the extent or quality of processing of each is

diminished (reduced value of p). Depending on current coherence

relations a number of propositions are selected to be held over

-NMESIEM-M in



224

for the next processing cycle, and this number and selection

process are approximately the same as for normal reading.

There are two aspects of this description of skimming that

may not be consistent with reality. First, the notion that each

proposition in a chunk is processed, but to a lesser degree than

is true when reading normally, may not be correct. It is possible

that of the propositions engulfed in a chunk only a few are

selected (or even perceived), on whatever basis, for further

processing. The nature of the propositions that were pruned

suggest that this hypothetical selection process would be

sensitive to the general importance of propositions. The moael

might be more accurate in its predictions if some sort of

selective rrocessing parameter or criterion were included at this

stage. Second, the selection of propositions for inclusion in the

next processing cycle was based on the leading edge strategy. It

is possible that some other heuristic might provide an even more

accurate account of skimra-ing processes. These possibilities will

be elaborated in. the concluding chapter.

Whether the issues of selective processing within a chunk or

of selection heuristics are handled in exactly the right manner

by the version of the text processing model described here is not

certain. But it is very clear that even if changes in these two

processes are warranted they will result in a version of the

model that is not very different from the current one. The

success in predicting recall obtained with the current version

was quite remarkable and serves to emphasize the importance of



225

the processes detailed in the model. These processes are very

general with repsect to a broad range of reading rates and this

generality suggests the existence of fundamental commonalities of

reading for full comprehension and skimming.

A further suggestion of common dependence on

macro-operations at different reading rates is provided by the

degree of consistency between E&periments 1-3 which involved

recognition tests and the recall data of Experiment 4. In all

cases strong evidence for the formation of macrostructures was

obtained, regardless of the type of memory test that was used,

Experiments 1-3 indicated that macrostructures were formed even

during skimming. Although these macrostructures were not as

complete or accurate as macrostructures formed during normal

reading, they still reflected a strong bias for inclusion of

important over unimportant informatiou. In particular, the

relative proportions of important and unimportant information

contained in macrostructures was maintained over different

reading rates. No fundamental change in selective processing of

macrostructure-relevant information was observed when resource

demands were reasonable. In Experiment 4 the pattern of parameter

charges required to simulate recall data obtained in skimming

conditions relative to tne normal reading rate condition, also

failed to reflect any fundamental change in the nature of

macrostructure formation. Only the encoding parameter, 2, was

altered, suggesting that the major effect of skimming was to

reduce the likelihood of encoding any narticular proposition.
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Within the ranges of _ found in Experiment 4, the overall

decrease in freq-iency of recall of propositions that participated

in one processing cycle was not very different from the decrease

observed for propo3itions that participated in multiple cycles.

If -p is reduced drastically (as should occur with extremely high

reading rates), however, the large-t decrease in recall

probability would be observed in the important propositions, and

eventually the distinction between important and unimportant

propositions would be very small. Thus, if the model's

predictions are correct, pushing subjects to extreme reading

rates would result in a large decrease in tLU distinction between

important and unimportant information in the memory

representation, rather than an increase in the distinction. The

breakdown apparently would be at the encoding level, while

selective processing still would occur with fundamental

macro-operations in effect. This extreme case would require a

very small value of j2, as even values smaller than .2 led to a

macrostructure that exhibited distinction of important

information. If speed reading is successful in developing

accurate, representative macrostructures, then it may be that the

fundamental processes described by the model are not appropriate

for speed reading. The degree of distinction between important

and unimportant information ,ould have to be determined before

the model's validity for speed reading could be assessed.

Taken as a whole, the four experiments provide converging

evidence for the conclusion that fundamental macro-operaticns are

Im
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in effect at a range of reading rates .ien resource demanos are

not increased by use of a typography that is difficult to d-coce.

In skimming, resources are not sufficient for full processing of

all propositions and, consequently, there is a general decrease

in recall and recognition performance. The resource requirements

for selecting macropropositions for more extensive processing

(e.g., inclusion in multiple processing cycles) are consistently

met and a basic, though '.ncomplete, macrostructure is formed.

Eo



CHA1TER VI

CONCLUSION

The first section of this chapter summarizes the major

findings of the four experiments r-eported here, and highlights

the significance of some of these findings for hypotheses about

cognitive processes in skimming stories. A consideration of

skimming as a form of reading and implications for other rapid

reading methods will be discussed in the next section. A third

section will be devoted to a discussion of the implications of

the research reported here for the Kintsch ard van Dijk (1978)

text processing model and for DeJong's (1979) newspaper skimming

program, FRUMP. The final section will provide a plaz for further

investigations of skimming and other forms of rapid reading,

including recommendations for a variety of experimental paradIgms

and a discussion of related implications.

Summary of Experiments

A number of iuteresting facts concerning skimming were

obtained from the 516 subjects whose recall or re-ognition data

were analyzed in the four experiments discussed in earlier

chapters. For the-e subjects, an average of nearly one third of

their reading time is spent skimming. Although the most common

material skimmed by these subjects is newspaper and magazine

articles, about M7h of them are confident enough in their

skimming abilities to apply them to various aspects of their

_ J
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college work. For the most part, skimming skills are developed

independently, and probably are derived from normal reading

processes, since skimming is a very common practice and only 16$

of the subjects claied to have received any formal training in

speeded reading. It would not seem surprising, then, to find

strong relationships between normal reading and skimming

processes. In fact, Experiments 1-4 all found evidence for a good

deal of overlap in processes involved in reading for full

comprehension and skimming.

In Experiment 1 subjects were allowed to read narratives and

newspaper stories at their own normal reading and skimming rates.

A subsequent recognition test showed that, while performance

generally declined when subjects zicimmed, greater recognition of

important than of unimportant statements was maintained. This

effect indicated that when skimming, subjects form macrostructure

representations similar to, but less complete than, those formed

when reading normally. Story schemata both for narratives and

newspaper stories were effectively used and were adhered to at

various reacing speeds. Increased reliance on conceptually dr-ven

processes was evidenced by the maintenance of at least the basic

macro-operations while skimming and by decreased surface memory,

which suggested that subjects did not fully process surface

features but, rather, relied on conceptually driven processes to

provide accurate hypotheses about woat actually was written. In

this way less surface processing was required and skimming could

proceed rapidly.

_ -~~ -~ --
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In Experiment 2 a replication of the first study was

provided with an extension to more extreme reading rates and the

use of a method of pacing reading rates. It was also found that

reading alternating case typography while skimming apparently

interferes with whole word visual identification processes which

play a key role in the rapid decoding of words. Moreover,

different effects of alternating case on the macrostructure

representations of narratives and newspaper stories pointed to

differences in basic story schemata and allocation of processing

resources. Subjects were able to make use of the story structure

of newspaper stories anA could glean the important information

from the early part of those stories even when skimming

alternating case. Then subjects could process details later in

the stories. In skimming narratives typed in alternating case,

however, it was necessary for subjects to search for important

information throughout the stories with little attention

allocated to processing of details. The ability to process

surface structure features was generally reduced by the use of

alternating case, forcing the judicious use of processing

resources outlined here.

An even more revealing demonstration of the role of

processing resource allocation in skimming was provided in

Experiment 3. When assigned a goal in reading normally or

skimming subjects were successful in extracting more

goal-relevant than irrelevant information from stories. If the

reading task also required subjects to read alternating case,
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though, selective processing of goal-relevant information was

possible only when reading at the normal rate. The requirements

of skimming alternating case and maintaining a selective

processing criterion for a particular goal were not compatible.

As rate increased from 225 wpm to 375 wpm, differential

• -=::.-ion of goal-relevant and irrelevant statements was lost.

Subjects were able, however, to maintain some basic

macro-operations as adequate macrostructures of the stories,

regardless of the goal in readirg, were formed under all reading

conditions. These results suggest that decoding and selective

processing of goal-relevant information may both rely on

processing resources associated with the mechanisms (cf. Navon &

Gopher-, 1979) responsible for forming a macrostructure

representation.

in the final experiment, a version of Kintsch and van Dijk's

(1978) text processing model was used to successfully simulate

protocols provided by subjects who had read stories at various

rates. The best fitting set of parameter values indicated that

while processes involved in determining the nature of the

macrostructure representation were similar across reading rates,

the quality of processing of each proposition was drastically

reduced as reading rate increased. The fact that particularly

important propositions were retained in working memory and

participated in multiple processing cycles served to enhance the

likelihood, as far as possible uider the circumstances, of their

inclusion in the memory representation of a story. The success of
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the model in predicti.:- :-otocols based on such a range of

reading rates with :. =latively few parameter changes stongly

suggests that the are fundamental macro-operations that

underlie reading at a wide range of rates.

Skimming as a Form of Reading

The similarity of memory representations and inferred

comprehension processes observed in Experiments 1-4 for normal

reading rate and skimming conditions strongly argues against

Carver's (1977) position that processes such as speed reading and

skimming should not be considered reading, and that reading

involves the encoding of information at a relatively uniform rate

of about 300 wpm. While the classification of "what is not what"

in reading could be done in absence of data on reading processes,

arguments for inclusion or noninclusion of possible candidates

could not pro. drly be evaluated. In the face of compelling

empirical evidence, however, the question of defining reading

takes on a new aspect involving delineation of processes and

evaluation of the degree of overlap in those processes associated

with different forms of reading. The question of whether or not

something is "reading" then toecomes less important. The

experiments reported here provided evidence for a high degree of

overlap of processes of reading for full comprehension and

skimming.

As indicated by the questionnaires a number of different

skimming strategies are used by subjects. In spite of these

~ 6
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individual differences, a general description of the basic

processes underlying most of the strategies is still possible. It

appears that as a reader skims a story he or she probably misses

portions of the text, but through selection of key words or

phrases or by chance will locate at least some of the potentially

important information in a text. Once a statement has been

selected as potentially important, the reader can process the

statement in more detail, making more use of data driven

processes. If further processing indicates that the statement is,

indeed, important for the macrostructure it will be processed

further or more elaborately (Reder, 1979) and incorporated into

the memory structure. Reading or searching for important

information arp processes that are aided by knowledge structures

such as story schemata and by emphasis on conceptually driven

processes that can operate on minimal information from data

driven processes. In this situation the reader must draw on a

good deal of knowledge about the background of a text in order to

establish reliable expectations about what is being read so that

data driven processing can be curtailed, and in order to draw

accurate inferences integrating piecemeal aspects of a story into

a reasonably comprehensible whole.

The selective reading and processing of statements is based

on some goal that the reader has in skimming. We have seen that a

fundamental goal in reading, to which other goals appear to be

closely tied, is the formation of a macrostructure

representation. Even when the reader's primary goal in skimming

° I
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fails, as in Experiment 3, a basic macrostructure still is

formed. It is as though the mechanisms involved in forming a

macrostructure are responsible for a large amount of the

processing resources that can be allocated to subskills such as

decoding and selection of goal-relevant information (cf. Navon &

Gopher, 1979). If the combined sources of processing resources

are insufficient for decoding and selective processing of

goal-relevant information, the available resources must be

allocated so that a reasonable level of reading performance can

be achieved. In Experiment 3 it was observed that subjects chose

to maintain a minimum standard for decoding processes but allowed

selectivity of processing to lapse. Nevertheless, the subjects

processed information with respect to a general macrostructure,

suggesting that this may be a fundamental goal underlying any

reading task.

The selective reading and processing of information

discussed in the foregoing description of skimming implies a

basic conclusion about studying reading processes. On almost all

occasions researchers use the term reading rate as a unitary

measure of how a text was read. This rate probably is not based

on a constant reading rate, but rather a fluctuating rate of

information processing that can vary widely within e single

reading of a text (cf. Rankin, 1971). As a result, classification

of reading speeds in words per minute can be very misleading

unless accompanied by an explication of goals in reading and

possible variation in rate across a text. Readers can adjust to
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different requirements in reading, exhibiting a high degree of

flcxibility. Depending upon the type of information the reader

wants flrom a text, the reader can read very slowly or skim and

even scan at incredible "rates" for a specific piece of

information. Thus, very rapid reading, even speed reading or

scanning, can be "effective" if the appropriately defined degree

of comprehension is attained. The truly interesting questions,

then, deal with the kind of comprehension associated with

different reading methods and how information relevant to goals

of comprehension are selectively processed. To what extent is a

memory representation that is formed after, say, speed reading a

story based on information contained in the story versus

information already in the reader's knowledge base? Given the

remarkable speeds at which some speed readers process stories, it

is apparent that they must contribute a good deal of their own

knowledge of the world and of the specific topic in particular to

the formation of a coherent memory representation. Reading at

thousands of words per minute renders full surface processing

physiologically impossible (Spache, 1962; Taylor, 1965). After

all, "no amount of practice can make us perceive what we do not

look at" (Gibson & Levin, 1975, p. 549). The speed reader must be

able to make highly efficient use of the small amount of accurate

surface processing that is done, calling into play conceptually

driven processes to close many of the gaps between bits of

comprehended information. The key to speed reading seems to be

taking in as much information as possible through a pattern of

- -= -r-
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eye movements similar to those used in skimming (Taylor, 1962),

and being able to devote sufficient pFrocessing resources to

fleshing out otherwise incoherent pieces of data. The process of

coalescing a subset of a story's information into a

macrostructure is critical. It is clear that speed readers cannot

possibly fully process all the information contained in a story.

Only systematic investigation of memory for text information and

degree of background knowledge can suggest the extent to which a

speed reader's memory representation of a story is based on fact

or fabrication.

Implications for Models of Text Comprehension and Skimming

In Experiment 4 it was found that Kintsch and van Dijk's

(1978) text processing model provided a very good account of

skimming processes. It was suggested, however, that the model

might be made more specifically appropriate for simulation of

skimming processes if two possible adjustments were exanined.

First, the parameter _2, which represents the probability of

encoding into long-term memory and later recalling a proposition,

may not sufficiently represent the selective processing

characteristics of skimming. While the cyclic processing of a

text in conjunction with a sophistocated strategy of selecting

propositions for inclusion in multiple processing cycles is

representative of macrostructure formation, there is no provision

for selective processing of specific goal-relevant information.

For example, in Experiment 3, subjects reading normally typed

i °--- =- ~ ~ ~ - ~ =
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stories were capable of selectively processiag

perspective-relevant information while skimming and at the same

time formed appropriate macrostructures. This result indicates

that the macrostructure formation processes represented in the

model are well-motivated, but that the use of a single encoding

parameter is not sufficient. In order to account for skimming

tasks that involve specific goals a selection criterion probably

should be established in place of nr in conjunction with the

encoding parameter. A system such as this would allow the basic

macrostructure to be formed as usual, while propositions relevant

to the goal in skimming would be especially well represented in

memory.

A possible goal-relevant selection process that could be

developed would involve one additional parameter, _q. The

parameter g would behave just like p, except that one of these

two parameters, say, .2, would be applied to goal-relevant

propositions while the other, _, would be applied to irrelevant

ones. A priori decisions about the relevance of each proposition

for the goal would need to be made, but such decisions should

ordinarily be intuitively apparent. Under any reasonable

circumstances, of course, p would be greater than g, representing

selective processing of propositions relevant to the goal.

Selection of propositions for inclusion in multiple processing

cycles would go on as usual, leading to the formation of a

macrostructure, just as shown in Experiment 3. The application of

. or - on multiple processing cylces of a proposition represents,

- //
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at least minimally, the interaction of goal-relevant and

macrostructure-relevant selective processing criteria. Even in

cases where selective processing is not feasible (i.e.,.2 = g)

for such reasons as resource allocation priorities,

macrostructure formation still would occur but without influence

from the specific goal. With the addition of the parameter _g the

model might do quite well in predicting the results of an

experiment such as Experiment 3 in which recall protocols would

be taken after skimming normal or alternating case.

The second possible modification of the text processing

model pertains to use of the leading edge strategy. It may be

that in skimming, selection of propositions for inclusion in

later processing cycles may not be based on the recency plus

levels criteria that comprise the leading edge strategy. A number

of possible alternative strategies are highly unlikely on the

basis of their failure on occasions when the leading edge

strategy was quite successful. If selection is based on levels

plus primacy, recency only, or upon a random selection strategy,

the model does poorly (Kintsch & van Dijk, 1978). The joint

influence of levels and recency combine to form a selective

strategy that is relevant to macrostructure formation and makes

optimal use of coherence of a text as more recent propositions

are most likely to be related to currently processed

propositions. WWt.tever alternative selection strategy is

jdeveloped, these criteria probably will need to be included,

implying that any alternative would be rather complex. The

- - ~ - - - -- ~ ~-- ~ ~~~ - rfl- - ----
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leading edge strategy accounts well for data based on skimming

for gist. If it could also be used successfully in conjunction

with selective 3ncoding parameters in simulating data based on

skimming for goal-related informatioi., its validity for skimming

processes would be greatly enhanced. On the other hand, if the

inclusion of selective encoding parameters is nct sufficient,

then a selection strategy sensitive to goal-relevant propositions

might be required. Such a selection strategy would further

emphasize the importance of the interaction between goal-relevant

processing and macrostructure formation.

With respect to DeJong's (1979) newspaper skimming program,

FRUMP, the results of the experiments reported here have some

general implications. As an artificial intelligence program,

FRUMP is not meant specifically as a model of human processing,

but still it can be evaluated with regard to its consistency with

those processes that w believe contribute to human skimming

operations. The general predictive nature of FRUMP's processing

is consistent with the conceptually driven processing

hypothesized to underlie skimming processes in humans. in FRUMP,

predictive processing is based on knowledge structures called

sketchy sit. These scripts determine which aspects of a story

are important. Within the sketchy scripts is the key to

macrostructure formation or goal-relevant selective processing.

If a certain kind of information is sought, the relevant sketchy

scripts must be modified to include requests for that

information. If such requests are not included in the relevant

__________----_______ V 7
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sketchy scripts, the goal-relevant information will not be

extracted for inclusion in the progrm's output, nor is it even

likely to be processed at preliminary stages, because of FRUMP's

highly conceptually driven nature. Se.ctions of an input text are

parsed only when a specific piece of 1nformation is requested by

a sketchy script and when no script has yet been instantiated.

Information satisfying requests can be obtained by direct text

processing of relevant conceptualizations (cf. &hank & Abelson,

1977) which add pieces of conceptualizations to memory in order

to satisfy requests, or by inferences that may add partial or

complete conceptualizations. The use of text processing is more

costly, as it would be in humans, in terms of efficiency. Faster

moving versions of FRUMP rely less on text processing and more on

inferences, making for a less accurate representation but a more

rapid processor. The consistency of this design with the

hypothesized human processes of text processing and inference are

remarkable.

The processing based on sketchy scripts depends on selection

of the appropriate sketchy script. Selection mechanisms were

briefly mentioned in Chapter I, but will be repeated here. The

text may contain explicit reference to a script, activate an

inference implying that the defining action of a script has

occurred, or contain explicit reference to an action that is part

of a script's set of requests. In the first two cases scripts can

be activated directly, but in the third instance there must be a

way to conclude which script is referenced by the action. FRUMP
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uses a discrimination tree which is given the conceptualization

containing the action. The conceptualization is filtered through

the tree until the appropriate script is found. These S,!ript

selection processes are dependent on a mixture of text

information and prior know.edge, as would be true of readers who

are attempting to initially determine the topic of a text. JFUMP

confines these processes to the first paragraph of a story,

however, which means that it is dependent on a newspaper story

structure. This is very much like the hypothesized differences in

processing of narrative and newspaper stories described in

Chapter III. In reading narratives, a successful program would

have to be ready to activate scripts t.hroughout the story. This

capability may prove as costly to machine resources as it did to

human resources in Experiment 2.

Finally, FRUMP's objective is to provide a story summary

based on the important information represented as sketchy script

requests. Only this information will be fully processed,

represented, and output by FRUMP. As a result, FRUMP cannot be

considered a complete model of human processing and comprehension

as subjects apparently are capable of comprehending and

remembering irrelevant or unimportant information while skimming.

To the extent that comprek.cnsion of unimportant information is

part of the selection process, models of skimming should include

at least limited processing and representation in memory of

vnimportant information. In FRUMP, the processing is so

conceptually driven that this does not appear feasible, as only
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requested information receives adequate processing for inclusion

in memory. In this respect, FRUMP may be an ideal conceptually

driven processor, reaching beyond the constraints of human

processing limitations. The final output o-. FRUMP is a summary of

important information and if subjects were in agreement with or

instructed to search for the important inform-ation as defined by

sketchy scripts, their summaries of stories most likely would be

highly similar to FRUP's. If subjects were asked to recall a

story, though, recall protocols likely would contain same detail

information as evidence of at least superficial processing of

unimportant information. On the other hand, if given instructions

to process stories for ighly specific information at high rates

of speed, such as number of people killed or an earthquake's

rating on the Richter scale, subjects may be able to process

stories more selectively in a manner quite similar to FRUMP with

little or no processing of irrelevant information. This kind of

processing approaches what might be considered scanning for

.,pecifie information, rather than skimming for the gist of a

story.

Given these considerations, FRUMP might be interpreted as a

s program with powerful capabilities regarding

determination of story topics. From a more general perspective,

FRUMP should be regarded as a s program with strictly

pre-defined macrostructures for different topics and powerful

Conceptually driven mechanisms for comprehension. The existence

of these possible interpretations attests to FRUMP's potential
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generality as an artificial intelligence program and as a model

of human information processing.

Future Considerations

In this concluding section I would like to propose a general

plan for further research on rapid reading processes. The types

of rapid reading that, at this time, appear to be most worthy of

study are skimming, speed reading, and scanning. The latter

process is broadly defined here to mean rapid searching through a

text for some small number of specific pieces of information that

might easily be detected due to uniqueness of visual patterns,

such as numbers. In scanning, as opposed to skimming, the

objective is riot to form a macrostructure but to locate and read

a particular set of information that represents a very small part

of a text. Even in this case the basic macrostructure formation

operations may be in effect. Or the reader may not process

information that does not match some predefined visual pattern.

In speed reading, the process of training and extremely rapid

reading rates are the defining characteristics. For all three

rapid reading methods a number of theoretical questions can be

posed, and various empirical paradigms developed. Whatever the

reading method, the procedure of presenting story materials

should be as natural as possible so that usual reading processes

are not seriously disrupted. Self-paced and experimenter-paced

reading rates were used here, and both provided reasonable and

consistent results.
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With respect to the measurement of comprehension and memory,

a number of paradigmatic extensions are desirable. Of greatest

importance is the development of more direct measures of

comprehension. A likely candidate in this area involves the

collection of eye movement data. This paradigm would ;-)vide

information about which specific parts of a text a subject ha-

fixated many times and about which parts have been skipped. In

this way, rapid reading strategies can be classified with some

objectivity. One can also make predictions about the nature of

the memory structure based on information that actually was

fixated. For instance, probability of recall or recob-ition of a

statement can be conditionalized on whether or not that statement

was fixated. The degree of inferential processing required to

comprehend a rapidly processed text and to form a macrostructure

could then be estimated. The extent and complexity nf processing

at various points in the text could also be inferrcd from

fixation durations (Just & Carpenter, 1979).

Memory for information in a text could 'e bc'-ted in ways

similar to those used in the experiments reported here. Surface

memory was tested using only direct tests and, therefore. did not

provide a very sensitive estimate of memory for surface

structure. Measures of more subtle effects of memory for surface

form could be obtained using paraphrase and verbatim versions of

explicitly presented test statements. Tf recognition of verbatim

versions is greater, there is a good c hance that surface

structure information played a role Ln aiding recognition. The
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relative degree of surface memory as a function of reading rate,

for example, can be more precisely estimated in this way. This is

a more sensiti procedure than asking subjects to provide overt

responses to uestions about whether surface structure is

repeated in a test statement (Sala & Masson, 1978). Information

about how reliant subjects were upon inferring parts of their

memory representation of a text could then be obtained using a

recognition test similar to that used in Experiments 1 and 2.

Subjects would be asked to verify inferences and statements that

were explicitly presented in the text, and then asked whether the

test statement had occurred in the text or was a conclusion that

they had inferred. In cases of rapid reading there should be a

higher incidence of claims that explicit statements were

inferred, as subjects probably would be unable to fully process

many of the explicitly presented statements but could infer much

of their content.

An important element in testing memory of text information

would be manipulation of time of test. Immediate testing has been

used extensively and it may be very informative to observe the

effects of time delay on memory representations developed whil

reading rapidly. Given that some of the same fundamental

processes of normal reading are used in skimming, for example, it

would be interesting to determine whether the resulting memory

representations show the same pattern of change over time. The

loss of detail information as test delay increases is one general

result to be expected. Another, more specific effect might be
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that as the delay increases, memory representations formed by

rapid reading are more susceptible to changes and reconstructions

during recall due to their relatively tentative nature. Memory

representations resulting from normal reading likely would be

more stable and consistent over time.

Aside from methodological and measurement issues, there are

a number of basic theoretical concerns that should be

investigated. The process of acquiring the ability to skim or

speed read should be studied. Subjects could be followed through

various phases of training programs and tested using procedures

similar to those described above. In this way it would be

possible to learn which aspects of reading are developed as rapid

reading skills are learned. It is that set of developing skills

that determines the underlying nature of the rapid reading

process and sets it apart from normal reading.

An investigation of individual differences in rapid reading

is also in order, especially with respect to differential

effectiveness of various strategies. The ways in which strategies

change as a function of such variables as reading rate, story

structure, and prior knowledge of the story topic would indicate

which aspects of the rapid reading process are dependent on

particular cognitive processes. A detailed study of rapid reading

strategies would have to move beyond post-reading memory tests to

include more direct measures of comprehension such as eye

movements.

Of special interest in the study of rapid reading, and with
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respect to individual differences in strategies, is the trade-off

associated with various resource demanding processes such as

decoding surface structure, selective processing of goal-relevant

information, and macrostructure formation. At this point it

appears as though the latter process is at the root of most

reading strategies. The importance of macro-operations suggests

that without these operations other goals in rapid reading might

not be attained. A program of studies involving various task

demands that involve different resource requirements is needed to

test this hypothesis. One such test was carried out in Experiment

3, and it suggested that a macrostructure will be formed even

when other goals of rapid reading fail.. Further tests of the

generality of this dependence on macro-operations are needed, and

research involving various goals in rapid reading should include

tests of macrostructure formation.

The allocation of resources in rapid reading, and reading in

general, is a central issue as only those processes whose

resource demands are met will be executed successfully. The

interdependence of reading subskills has been demonstrated not

only by the interaction of conceptually and data driven processes

in carrying out efficient reading, but also by the sharing of

cognitive resources among component processes of reading. These

interactions are particularly evident when the reading process is

pushed to an extreme, as in rapid reading. Experimental study of

rapid reading processes, therefore, would lead not only to

information relevant to rapid reading, but also would provide

1



248

knowledge about the fundamentals of general reading processes. To
the extent that basic skills in reading can reliably be
identified, programs of reading improvement, development, and
instruction can be directed at processes that will have a
significant impact on the effectiveness of those programs.
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Sample Narrative Story Used in Experiments 1 and 2

Ripley's Believe It or Not

Although Robert Ripley, creator of Ripley's Believe It or
Not, is dead, somebody is still producing the newspaper feature.
In fact, Ripley's Believe It or Not has been going on almost as
long without Ripley as it did with him, thanks to the suistained
efforts of its remarkable researcher, Norbert Pearlrvth. Though
the feature hardly attracts the attention it once did, it is
still syndicated in 330 newspapers in 32 countries, and the 21st
paperback edition is in production.

It's hard for the young to realize how popular Ripley's
Believe It or Not once ;.as. Surveys showed that it had the
highest reader interest of anything in any newspaper anywhere,
with the exception of frontpage photos. Letters to Ripley at one
point reached a million a year, the heaviest load of mail
received by any individual on earth.

One cartoon in particular is said to have skyrocketed Ripley
to success. A few weeks after Charles Lindbergh's historic flight
to Paris in 1927, Ripley published a drawing of the Spirit of St.
Louis with the caption: Lindbergh was the 67th man to make a
nonstop flight over the Atlantic Ocean!

The claim unleashed nationwide indignation. Some 3000
telegrams and letters landed at Ripley's door on a single day.
But he bad his answer ready. Lindbergh had indeed been preceded
by 66 men--two in an airplane, 32 in an English dirigible and 32
in a German zeppelin. Sure, Lindbergh had been the first to make
the trip alone, but Ripley never said otherwise.

At the time, Ripley's Believe It or Not was syndicated in
only 30 papers but the Lindbergh item brought its originator
national attention. Soon he was making more than $100,000 a year
for the cartoon feature alone. He signed a $350,000 contract with
Warner Brothers to make 26 movie shorts, and by 1030 had his own
radio show. Presidents wrote to him. Colleges honored him. he wa.
one of the most highly paid lecturers in the world.

Ripley came up with Believe It or Not when he was a
newspaper sports artist. In 1918, on a bleak day for sports news,
he threw together a few cartoons and adptions about freakish
athletic accomplishments--such as the man uho walked across the
continent backward, using a mirror for better vision. He first
thought of calling the collection Champs and Chumps, but at the
last minute he changed it to Believe It or Not.

The next day, reaction to the newspaper feature was so great
that Ripley began digging for more unusual and unheard-of facts,
moving beyond sports for his information, but sticking to the
basic format of one cartoon and forceful caption for each item.

Over the years, variations were introduced, such as an
occasional trick (sample: the Lindbergh item) and riddles and
puzzles.

As Ripley and Pearlroth unearthed hard-to-believe facts

A- - - - ,, . . . .
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about history, they sometimes made history in the bargain. In
1929, for example, the feature informed the country, correctly,
that its national anthem was set to the tune of an English
drinking song, "To Anacreon in Heaver.." The reaction, of course,
was widespread reluctance to believe. They went a step further
and said the Congress had never officially declared "The
Star-Spangled Banner" to be our national anthem. Within a week,
more than five million people had written their Congressmen and,
not long after, Congress passed an appropriate resolution.

It's easy to dismiss Ripley as part of an era in which
people swallow.d goldfish, sat on flagpoles and tortured
themselves at marathon dances. Still, the fact is that the
feature is going strong in the 70's. What's its secret?

The man who has been the feature's researcher for 50 years,
Norbert Pearlroth, has a ready answer. He says, "It satisfies a
primary human urge to flee from the daily grind into the realm of
the incredible. It offers people a fairy tale that is astonishing
but perfectly true. Believe It or Not shows t.at life is not all
cut-and-dried and boringly uniform. There are some glorious
exceptions, and it presents them."

Although he is unknown to most of the feature's millions of
followers, Pearlroth himself is an essential reason for the
original and continued success of the feature. The two men met 50
years ago, after Ripley complained to a friend of his problem in
coming up with useable items. Of particular concern was his
ignorance of foreign languages. He could look at books in other
tongues and spot interesting pictures, but for the life of him he
couldn't get at the mysteries described. The friend, a bank
manager, let it be known that he employed a young clerk from
Austria, one Norbert Pearlroth, who knew 13 languages. Ripley got
in touch with Pearlroth, and soon afterward the multilingual
young man went to work for him as a full-time researcher.
Meanwhile, Ripley was able to devote his time to illustrating,
until he died of a heart attack in 1949.

Today, the Ripley process continues in three busy offices in
the King Features building in New York City. The staff consists
of an office manager, two artists and, of course, the amazing
Norbert Pearlroth, now 76 years old. Pearlroth must come up with
24 items a week--three for each day except Sunday, which gets a
six-item spread. He works several months ahead. Sometimes he will
go for a couple of days and find nothing, but. then later in the
week--his search made more fierce because he is falling
behind--he makes up for it.

Norbert Pearlroth's second working headquarters is the New
York Public Library. "' ere, he is greeted by almost every employe
he encounters. He coi to the card-catalogue room, spots a tray
left on a table, and sits down without even looking at the label.
It makes no difference. He always takes a tray at random, thumbs
through it, elects ten or so books that look interesting and
then, with a boy's enthusiasm, scans them the rest of the
afternoon. As long as anybody is interested in the freakish
facts, he vill continue to find them.

f
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Sample Narrative Test Statements Used in Experiments 1 and 2

True Inferences:

Ripley chose Pearlroth as a researcher because he could use his
knowledge of languages to find items from foreign sources.

Ripley's featt'e became famous because he published a highly
controversial item about Lindbergh.

The success of Ripley's Believe It or Not has been attributed to

its emphasis on sensational but true events.

False Inferences:

The attention Ripley received after publishing the Lindbergh item
financially ruined him.

Ripley's Believe It or Not never sustained more than a low level
of popularity as a newspaper feature.

Ripley and Pearlroth made history by pointing out facts about the
origins and status of the American judicial system.

True Macrostatements:

Although Robert Ripley, creator of Believe It or Not is dead,
somebody is still producing the newspaper feature.

Pearlroth himself is an essential reason for the original aid
continued success of the feature.

Surveys showed that it had the highest reader interest of
anything in any newspaper anywhere, with the exception of
frontpage photos.

False Macrostatements:

Reaction to the newspaper feature was so modest that Ripley gave
up his search for unusual and unheard-of facts.

Even though Ripley and Pearlroth unearthed hard-to-believe facts
about history, they were never able to make history themselves.

Ripley came up with Believe It or Not when he was a news
commentator for a national radio network.



268

Paraphrase Macrostatements:

Ripley was encouraged to search for more rare and obscure facts
by the positive response to the newspaper feature.

Ripley and Pearlroth occasionally made history as they uncovered
incredible information about history.

While working as a sports artist for a newspaper Ripley developed
the idea for Believe It or Not.

True Microstatements:

He goes to the card catalogue room, spots a tray left on a table,
and sits down without even looking at the label.

He first thought of calling the collection Champs and Chumps, but
at the last minute changed it to Believe It or Not.
Norbert Pearlroth's second working headquarters is the New York

Public Library.

False Microstatements:

It is impossible to dismiss Ripley as simply part of an era in
which people swallowed goldfish.

No more than a handful of letters or telegrams ever landed at
Ripley's door on a single day.

Pearlroth got in touch with Ripley, but he refused to hire the

multilingual young man.

Parahrase Microstatements:

It is easy to discount Ripley's feature as a fad occurring at a
time when swallowing goldfPih ;as fashionable.

In the space of only one day about 3000 letters and telegrams
were received by Ripley.

Soon after Ripley contacted Pearlroth, the multilingual young man
was hired onto Ripley's staff.

-!--
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Sample Newspaper Story Used in Experiments 1 and 2

Crash Landing in the Pacific

A U. S. naval plane packed with top merican officials crash
landed in the western Pacific Monday. Two persons were missing.

The twin-engine aircraft carrying 31 persons, including
high-ranking civilian and military officials, ditched in what
naval personnel called a "near perfect landing" 3,300 miles west
of Hawaii.

Survivors said all but two persons aboard--a crewman and a
naval musician--donned life jackets, squeezed through escape
hatches and scampered aboard the aircraft's rubber life rafts.

Nine of the survivors were injured slightly, said naval
officials who praised the piloting of Capt. Edward Estes, a
prisoner of war in Vietnam for six years.

Estes is commander of the naval air station in Guam. He was
taking the VIPs and a 13-member naval band from Agana, Guam to
Ulithi Atoll in the American Trust Territory for the dedication
of a hospital. Ulithi, a naval staging area in World War I, is a
four-hour flight from Agana. But thirty minutes out of Agana, the
plane's number two engine failed, and Estes prepared passengers
for the ditching.

The former comtat pilot feathered the propeller-driven plane
and headed it back toward Guam but when Estes was unable to keep
the aircraft aloft, he brought it down in a landing "as near
perfect as possible," naval spokesmen said.

Estes was able to radio the naval air station and reported
that the plane was about to crash. He provided the approximate
location of the crash site, and naval rescue equipment was
dispatched immediately, completing rescue operations within two
hours after the crash.

Names of the missing were withheld. A search was suspended
at dusk. Naval sources expressed little hope of finding the
missing men alive and it is feared that the pair was unable to
escape from the plane. Once the aircraft had been ditched,
survivors had only a short time to get out of the plane which
sank minutes after impact.

Officials on board included Undersecretary of the Interior
James Joseph, Office of Territories director Rut! Van Cleves,
Trust Territory High Commissioner Adrian Winkel, Assistant
Secretary of the Interior Wallace Greene and Rear Admiral David
S. Cruden and Neil Clements of the Pacific fleet' s
Commander-in-Chief staff in Hawaii.

Ms. Van Cleves and Greene were kept in a naval hospital with
back sprains. Estes and the copilot, whose name was not
available, underwent surgery and their condition was reported
good. They are expected to be released soon.

I=
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Sample Newspaper Test Statements Used in Experiments I and 2

True Inferences:

An engine failure forced Estes to turn back and ditch the place.

Estes' ability as a pilot prevented the loss of many lives.

Survivors were able to escape from the plane before it sank.

False Inferences:

A number of important American officials were killed in a plane
crash in the Pacific.

The two missing men escaped from the plane but couldn't reach the
life rafts.

Survivors were trapped in the wreck and waited there for
rescuers.

.1u= Mcrostatements:

Naval sources expressed little hope of finding the missing men
alive.

A U. S. naval plane packed with top merican officials crash
landed in the western Pacific.

Estes was able to radio the naval air station and reported that

the plane was about to crash.

False Macrostatements:

But thirty minutes out of Agana, the plane's number two engine
was functioning again.

When Estes was unable to keep the aircraft aloft, he ordered
passengers to parachute from the plane.

Survivors had a long time to get out of the plane.
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j Paahrase Macrostatements:

The aircraft's number two engine died half an hour after leaving
Agana.

Estes crash landed the plane after he was unsuccessful in trying
to keep it in flight.

There was only a small amount of time for survivors to escape
from the airplane.

T- Microstatements:

Ulithi, a naval staging area in World War II, is a four-hour
flight from Agana

Estes is commander of the naval air station in Guam.

Ms. Van Cleves and Greene were kept in a naval hospital with back
sprains.

Fals Microstatemerts:

Neil Clements is a member of the Atlantic fleet's
Commander-in-Chief staff in Norfolk.

Estes and the copilot, whose name was not available, did not
require surgery.

Officials on board included Undersecretary of the Interior David
S. Cruden.

PAnara s Eicrostatements:

Neil Clements is a member of the Commander-in-Chief staff of the
Pacific fleet stationed in Hawaii.

Surgery was performed on Estes and his copilot, whose name was
unavailable.

James Joseph, Undersecretary of the Interior, was one of the
dignitaries on the plane.
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Sample Multiple-Perspective Story Used in Experimeit 3

The Island

Flying over and around the small island was a favorite
pasttime of the two seagulls. The island was uninhabited now and
the old camping grounds were covered by tall ferns and huge, red
rose bushes. Today the gulls flew over the fields of daisies to
the grove of banana trees. They made a game of dropping the ripe
fruit, swooping down to catch it before the fruit was lost in the
thick beds of large orchids. After tiring of this game the gulls
flew to the top of the bill where a fresh water spring bubbled
out of the rocks. After their drink the two gulls played
hide-and-seek with each other among the bright clumps of tiger
lilies. They chased fat little rabbits, but the poor rabbits were
so slow that they offered little challenge, except when they hid
amidst the piles of dried wood which was the same color as
themselves.

Every week or so a plane would fly over the islald. Its
destination was the mainland 120 miles away. The gulls usually
tried to race the plane for awhile, but it was always too fast.
The two seagulls would then come back and take a nap in the
little holes that they scratched out in the cool rich soil. The
only other man-made entertainment they had was amusing the
tourists who passed every month on the cruise ship. When the two
gulls felt daring they would go amidst the poppies, sunflowers
and dogwood trees where they honey bees were hard at work to see
if they could find some honeycombs. Finding honeycombs was
easiest during the afternoon rainshower when the bees were
inactive and would not attack the plundering gulls. When the
gulls didn't feel daring they stayed in the cave at the head of
the island to keep out of the rain. To pass the time in the cave
they explorrd tne three passages. The passage walls were lined
with mushrooms which they often ate. By the time sunset came with
its red rays spreading across the water the two young gulls would
reluctantly set out on the long way home.

* i
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Sample Multiple-Perspective Test Statements Used in Experiment 3

Pespective: Frolickin Seagulls

True Statements:

Flying over and around the small island was a favorite pasttime.

The two gulls played hide-and-seek with each other.

To pass the time in the cave they explored the three passages.

The two seagulls would then come back and take a nap.

False Statements:

The gulls would not even try to race the plane.

They made a game of dropping the ripe fruit to the ground.

When the gulls felt daring they would go into the cave.

The gulls ignored the tourists on the cruise ship.

Parahrase Statemets

The seagulls would ordinarily try to race with the airplane.

The gulls had a game of dropping fruit and diving to catch it.

When the gulls felt timid they remainea in the cave.

The gulls found entertainment among the tourists.

Perspective: Shipwrecked Silr

True Statements:

The island was uminhabited now and the old camping grounds were
covered.

A fresh water spring bubbled out of the rocks.

Every week or so a plane woald fly over the island.

Its destination was the mainland 120 miles away.

i,
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False Statements:

The little raboits were so fast they were quite a challenge.

The tourists who passed every day in fishing boats.

The rabbits hid amidst piles of waterlogged wood,

Finding honeycombs was most difficult during the af'ternoon"
rainshower.

Paraphrase Statements:

The rabbits were not much of a challenge because they were slow.

The tourists who went by monthly on the oceanliner.

The rabbits concealed themselves in bunches of dry wood.

It was easy to locate honeycombs in the light afternoon rain.

i
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Critical Paragraphs Recalled in Experiment 4

Story Title: Alfred Hitchcock

Recall Cue: Hitchcock inquires about a super bomb

Critical Paragraph (24 Propositions):

In 1944, Hitchcock concocted the idea of a
film--Notorious--based on Nazis working in Brazil on a
super-bomb. he went to the physicist Robert Millikan and asked
whether such a weapon was possible. Millikan, who was wor:ing on
the U.S. atom-bomb project under strictest secrecy, turned white
and spent two hours persuading Hitchcock that such a theory was
impossible. It was not until Hiroshima that Hitchcock understood
why he was being watched by the FBI.

Story Title: Panda Bears

Recall Cue: The panda' s biological family membership

Critical Paragraph (29 Propositions):

The panda was once thought to be a member of the bear
family, because of its appearance and movements. Most scientists
today classify the panda as a closer relative of the
raccoon--despite its size. (A full-grown panda is likely to
measure some six feet in length and weigh up to 300 pounds.) It
walks on the soles of its feet like a bear and is also an
excellent climber, but apparently it does not hiaernate.

Story Title: The Tournament of Roses

Recall Cue: The grand marshals' mishaps

Critical Paragraph (29 Propositions):

Despite the precision planning of the Tournament of Roses,
there are occasional mishaps. Wben Eisenhower was grand marshal,
he was trapped in a bathro m at Tournament headquarters by a
jpammed door and rescued just in time. In 1969, grand marshal Bob
Hope's limousine conked out midway through the parade and was
pushed the rest of the way. When Shirley Temple served as grand
marshal in 1939, she waved so long and enthusiastically that she
couldn't lift her arm the next day.
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Sample Recall Protocols Based on Text
Processing Model's Predictionsa

Normal Reading Rate (225 wpm):

It was once thought that the panda was a member of the bear
family. Scientists classify the panda as a relative of the
raccoon. The panda's size can be 300 pounds. The panda can climb
and does not hibernate.

Skimmiig Rate (375 wpm):

It was once thought tbat the panda was a member of the bear
family. Scientists classify the panda as a relative of the
raccoon.

Fast Skimming Rate (600 .,m):

The panda is a relative of the raccoon.

apropositions included in these sample protocols were predicted

by the model to be recalled by at least 10 of 24 subjects.
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